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THRESHOLDS FOR THE PERCEPTION OF DIFFERENCE 
IN P EXPRESSION AND ITS ELEMENTS 


By Franci W. T University of Pennsylvania 


No one can oe so averse to'analysis as to deny that there are 
degrees of generality among perceptions—for example, that one may 
perceive a tree and that he may also perceive the trunk of the tree, 
or a branch, or a leaf on that branch, or a vein in that leaf. In the 
same way, it is possible to perceive the expression of a face as a 
whole, or the peculiarities of the contours of the features—curve of 
lips, lines about the eyes, mouth; forehead, ete.—which are present 
at. the same time. : Now, one may say that a particular facial ex- 
pression presupposes the existence of a certain disposition of these 
curves and lines upon the face, and no more assert that the expres- 
sion ts the sum of them than we should affirm that a tree is merely the 
sum of the trunk, branches, and leaves, or even of the cells into which 
we may analyze these parts under the microscope. We may call the 
expression the more general, and the curve of the lips or the creases 
at the corners of the eyes or the lines in the forehead’ the more particu- 
lar, perception in this instance. But, if the perception of variations 
in expression be admitted to presuppose the existence of variations in 
these particulars, níust it also presuppose the perception of them? 

It is obvious that in the case, let us say, of a lump of metal the 
perception of the lump does not mean the perception of the indefinite- 
ly minute parts into which it can be divided; by this is not & correct 
analogy, since a smile is not composed of a large number of tiny 
smiles, Is it not possible, however, that a smile might be perceived 


* Accepted for publication January 26; 1931. 
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when the changes in the curves and lines essential to it are impercep- 
tible—reminding us of the visible grin of an invisible Cheshire cat? 
Common opinion seems ready to agree that such & thing not only is 
quite possible but happens continually,! that we often perceive things 
which can be analyzed into parts of a heterogeneous nature, parts 
which are not perceived singly; but of course our question is: Can they 
be perceived singly, whenever the more general perception is possible? 


The experiment here reported deals with the difference thresholds 
of these two perceptions. The problem may be stated: to investigate 
the relationship between the thresholds for the perception of differences 
in facial expression and those for the perception of differences in cer- 
tain elements of the expression. Sander in a review of the experi- 
mental results of the Gestalt psychology has indicated that the 
configuration in which & particular element is found may have an im- 
portant bearing upon the difference threshold for this particular. He 
states that “die Unterschiedsschwellen abhängig sind von den 
jeweiligen Gestaltbedingungen, .... die Empfindlichkeit für Gestalt- 
veründerungen im allgemeinen grösser ist als für Veränderungen 
isolierter Gegebenheiten." For example, “die Unterschiedsempfind- 
lichkeit für Distanzverüánderungen zweier Punkte ist erheblich gróber, 
wenn sie isoliert, als dann, wenn sie etwa als Pupillen eines Gesichtes 
dargeboten werden."? Similarly, Bühler reports that the difference 
thresholds for perception of the length of a line are higher than those 
for the perception of the difference between right angles in which 
this line forms the varying side.? 


1Of. E. A. Singer, Jr., Studies in sensation and judgment, Psychol. Rev., 4, 
1897, 265. “It is well-known that where differences exist, comparatively slight 
in nature, between objects of considerable complexity of structure (such as human 
faces) one may be quite aware of a difference without being able to tell in what 
the difference consists." The conclusion of this riment is that “the general 
judgment of difference has a lower threshold than rp sabes A (p. 371. The 

‘general judgment" is defined as that judgment of difference ‘which cannot be 
explained as due to chance and to complete appreciation of the particular differ- 
ences presented" (p. 270). 

_ Of. also Max Wertheimer’s ion that a difference may be perceived 
without the ability to tell in what the difference consists. Untersuchungen sur 
Lehre von der Gestalt, Psychol. Forsch., 4, 1923, 318. 

Grace A. DeLaguna, Dualism and Gestalt psychology, Psychol. Rev., 37, 1930, 
200, says: “The little child. .... perceives and responds to a ‘amiling de be 
AE it learned to sed the curves of lip and cheek which compose it geometric- 

ye? 

TF. Sander, Experimentelle Ergebnisse der Gestaltpsychologie, Ber. u. d. X 
Kongr. f. exper. Psychol. (Bonn), 1927, 46 f. à 

1K. Bühler, Die Gestaliwahrnehmungen, I, 1913. 
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So far as I have been able to ascertain, however, no one has ex- 
perimented upon this relationship as it holds in the same figures with 
varying attitudes of the subject induced by different types of in- 
structions. It is toward this that the present experiment is directed. 
No attempt is here made to define "smiling," “frowning,” or "neu- 
tral” expressions, but it will be shown that all the Ss agreed in their 
choice of the direction of curvature which was toward smiling and 
that which was toward frowning, without any instruction upon the 
point. This agreement was sufficient for the purposes of the experi- 
ment. 

. Marsop 


Apparatus. Five sets of cards, A, B, C, D, and E were used, each set con- 
aisting of 3 identical series of 7 cards) The cards were 91 mm. squares of stiff 
cardboard with a white unglazed surface. 

Material A consisted of cards upcn which were diagrammatic (‘Leonardo’) 
faces. Examples are given in Plate 1. A circle 46 mm. in diam. was in the center 
of each card: the nose was represented by a straight line 7 mm. long with its 
lower end at the center of the circle; two horizontal lines (straight or curved) 
10 mm. long and ro mm. apart on a line 8 mm. vertically above the center of the 
. circle represented the eyes; while a horizontal line (straight or curved), 10 mm. 

in length and 14 mm. vertically below the center of the circle, represented the 
mouth. All these lines were of the same breadth, approximately ‘one point face’ 
(0.35 mm.). The variations in the 7 different cards in each of the 3 series com- 
posing this set may be described as fallows: 


Card 1—eyes and mouth ares of 3 cm. radius concave upwards; 
Card 2—eyes and mouth arcs of 6 cm. radius concave upwards; 
Card 3—eyes and mouth ares of 12 cm. radius concave upwards; 
Card 4—eyes and mouth straight lines; ` 

5—eyes and mouth arcs of 12 cm. radius concave downwards; 
Card 6—eyes and mouth arcs of 6 em. radius concave downwards; and 
Card 7—eyes and mouth arcs of 3 cm. radius concave downwards. 


Thus we have a series from greatest ‘1pward’ curvature through the straight line 
to greatest ‘downward’ curvature. This material may be referred to as the 
full face. 

Material B differed from Materia! A only in that here the mouth alone varied, 
the eyes remaining straight. This material may be called the mouth face. 

Material C consisted of cards upon which there was but a single horizontal 
line, in the center of the card. This Lne was 10 mm. long and varied in curvature 
just as did the varying lines of Materials A and, B. 

Material D consisted of the cards of Material A, inverted. 

Material E consisted of the cards of Material B, inverted. 


*R. K. White and Carney Landis have measured the least perceptible differ- 
ences of variation in a silhouette, but seem not to have attacked the problem of 
the threshold for differeneea in facial expression. See The perception of sil- 
houettes, this JOURNAL, 42, 1930, 421-435. 
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PLATE 1. MATERIALS 
Kay: 1 =Card 1, Material A; 2=Card 5, Material A; 3: Card 6, Material 
B; 4=Card 4, Material C. The figures are reproduced actual sige, but, when 
used, each figure was centered on a card 91 mm. square. 


These figures were originally drawn full size’by a professional draughtsman, : 
and were then photo-engraved, with the use of a prism to prevent distortion, 
finally being printed upon the cardboard in black. The cutting was done by 
machine. = 

Lest dust or smudges of any kind lead to recognition of particular cards a 
large number were at hand, and sets were often replaced. Several times a S 
reported the belief that he could recognize a particular card; he was then told to 
report when next he saw the card, but in no instance was he successful in doing this. 

¢ j 
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The cards were exposed for a period of 0.18 sec. by means of a Whipple 
tachistoscope.! Care was taken to keep constant the lighting of the instrument. 


The experiment was carried on from December 17, 1929, to May 21, 1930. 
Until February 3 the photographic dark-room of the Laboratory of Psychology 
at the University of Pennsylvania was used; it was then necessary to move to a 
room in the Hare Laboratory of Chemistry where lighting conditions were con- 
siderably different. However, no variations in the results that could be attri- 
buted to this change were noticed. 

Procedure. The instructions used are presented below. It will be noted that 
there are two general types, (I) for ‘curvature’ and (IT) for ‘expression.’ Type I 
necessarily varied slightly according to the material employed. Type II was the 
same for each material. | 


Instructions TA. You will be shown a series of diagrams of faces, each diagram 
being given but a short exposure. In some of the diagrams the eyes and mouth 
will be ares turned upwards at the ends, in others, arcs turned downwards, and in 
others they will be straight lines. You are to make an immediate judgment for 
each diagram, reporting the eyes and mouth to be turned upwards, turned down- 
wards, or straight, by saying ‘up,’ ‘down,’ or ‘straight.’ Be sure to make a judg- 
ment on each di and to state it immediately. I shall say Teady’ a short 
time before the exposure of each face, and ‘now’ just as it is about to appear. 


Instructions IB. You will be shown a series of diagrams of faces, each face 
being given but a short . In some of the diagrams the mouth will be 
an are turned upwards at the ends,® in others an arc turned downwards, and in 
others it will be a straight line. You are to make an immediate Vas dem for each 
diagram, reporting the mouth to be turned upwards, turned downwards, or 
straight, by saying ‘up,’ ‘down,’ or ‘straight.’ sure to make a judgment on 
each diagram and to state it immediately. I shall say ‘ready’ a short time before 
the exposure of each face, and ‘now’ just as it is about to appear. 

Instructions 1C. You will be shown a series of lines, each line being given but 
a short exposure. Some of the lines will be arcs turned upwards at the ends, 
others, arcs turned downw and others will be straight lines. You are to 
make an immediate judgment for each line, reporting it to be turned upwards, 
turned downwards, or straight, by saying ‘up,’ ‘down,’ or ‘straight.’ Be sure to 
make a judgment on each and line to report it immediately. I shall say ‘ready’ a 
short time before the exposure of each line, and ‘now’ just as it is about to appear. 

Instructions ID. You will be shown a series of figures, each figure being given 
but a shart exposure. Included in each figure will be three horizontal lines, some 
of which will be ares turned upwards at the ends, others, ares turned downwards, 
and others will be straight lines. You are to make an immediate judgment for 
each figure, reporting the lines to be turned pi turned downwards, or 
straight, by saying ‘up,’ ‘down,’ or SEIN sure to make a judgment on 


each figure and to report it immediately 

It may be remarked that calling the inverted face a "figure," 88 in the pre- 
ceding and following instructions, did not at all succeed in abolishing the idea of 
"face." Hach of the 5 Ss thought it a good joke as soon as the “figure” was shown. 


Instructions IE. You will be shown a series of figures, each figure being given 
but a short exposure. Included in each figure will be three horizontal lines. The 


an RE URE 
‘Described in G. M. Whipple, Manual of Mental and Physical Tests, I, 1914, 
2 
«Upwards at the ends," etoc., seemed the simplest way of indicating the direc- 
tion of curvature of the aws, a rather awkward thing to make clear without 
danger of confusion. The Ss seemed to understand perfectly what was meant. 
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lower two will always be straight, Ds the upper one, in which you are interested 

will sometimes be an arc turned upwards at the ends, sometimes an arc Tamed 
downwards, and sometimes a strai V line. You are to make an immediate ju 
ment on each figure, reporting this line to be turned upwards, turned downwar 

or straight, by saying ape ‘down,’ or ‘straight.’ Be sure to make a judgment on 
each figure and to report it immediately. 

Instructions II. You will be shown a series of diagrams of faces, each face . 
being given but & short exposure. For Pis Íace you are to make an immediate 
judgment, as to whether it is smiling, frowning, or neutral. Be sure to make a 
any ae t on each diagram and to state E immediately, remembering to judge 

p: Ne whether the face is smiling, fr , or neutral, using the terms 
‘frown,’ or ‘neutral’ in your report. 1 shall say ready' a shor time before 
da B. of each face, and ‘now’ Just as it is about to appear. 


The appropriate instructions were read to the S at the start of each experi- 
mental period, the sentence concerning the 'ready—now signals being omitted 
after several sittings. 

The S sat at a constant distance from the tachistoscope; the front legs of the 
chair were 2 m. from the machine. ‘The ‘ready’ signal was given about 2 sec., 
and the ‘now’ signal 1 sec., before the exposure of the card. 

Two orders of presentation of the 21 cards in a set of material were employed. 
The first was used while obtaining the first two difference-thresholds, and there- 
after the first and second were alternated for each DL, the alternation beginning 
with the second order. The orders were as-follows (the numbers being those of 
the cards as given above in the description of the material). First: 3, 1, 4, 7, 6, 
2,51, 3; 71 2s 4 6, 5, 2, 6, 4, 7) 3» I, 5; Second: 5, 7, 3, I, 4, 2, 6, 7, 2, 4, 5, 1, 3; 
6, I, 4, 6, 3, 7, 5, 2. The use of these two orders precluded the possibility of the 
learning of the order of presentation. No S was able to demonstrate his having 
learned even a part of a series, though several tried to do this at various times. 

Eleven DL were obtained from each S. Each DL was calculated from 50 
observations of each of the 7 different cards in & set of material, with the exception 
that in the following cases 100 judgments of each card were obtained: A—the 
first 4 DL; C and H—the first 2 DL; Ot and R—the first 3 DL. 

Thus, the results include for the 5 Ss a total of 24,150 judgments. From 217 
to 231 judgments were obtained at each experimental session. No DL was com- 
pleted in a single sitting, and the exceptions noted above required three. An 
- intermission of from 5 to 10 min. was introduced when each session was about 
half completed, usually after 6 series of 21 judgments had been made. An ex- 
perimental period, including the intermission, usually lasted about 50 min. 

Subjects. The Ss in this experiment were Mr. Leon Arons (A), Dr. Stanley 
F. Cooper (C), Dr. John F. Humes ( H), Mr. Jay L. Otis (Ot), and Mr. Thomas 
W. Richards (R)'. With the exception of A, a graduate student in psychology, 


-_ the Ss were members of the Department of Psychology at the University of 


Pennsylvania. A, C,and H werealready familiar with tachistoscopic procedure; A 
and C had served in the preliminary experiment carried on to determine the details 
of the method to be folowed in the main experiment, while C and H had been 





"The author desires to acknowledge his indebtedness to these friends for their 
patente te to Dr. e Clark and Sr W. L. d du e 
PU who gerved in preliminaries exp ent; and in partic 
Professor Samuel W. Fernberger for his constant e tion and encouragement. 
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Ss in other experiments in which the tachistoscope was used. The Ss were ex- ` 


amined by an oculist, who reported normal or normally corrected vision in‘ each 
case. None of the Ss had any information as to the purpose of the experiment. 


RESULTS 


The results obtained by this method were treated in TR | 


with the phi-gamms hypothesis. Eleven difference-thresholds were 
obtained for each S. These DL and their coefficients of precision hı 
and hs are incorporated in Table I. Table II gives the DL for each S 


TABLE IH 


SHOWING, FOR Every S, raze DL ARRANGED Accorpine TO TEER 
EXPERIMENTAL CONDITIONS 


L 


Conditions 
S TA ITA IB ITB IC ID IE 
Á 1.0 1.3 0.9, 1.3 1.0 0.5 0.2 
1.6 $ 0.3 
1.2 
1.3 Å 
C I.I I.4 1.4 1.2 I.I 1.3 I.3 
1,2 (0.7 
; 0.8 
0.6. 
H 0.8 1.0 1.3 0.7 1.5 1.0 0.7 
0.6 0.7 0.8 
0.6 Ni 
Ot 0.5 0.4 0.8 0.7 X.O 0.4 0.8 
0.6 0.6 ; 0.7 
0.7 i 
R 2.2. 2.6 2.6 2.7 2.4 2.3 2.6 
2.3 3.3 2.6 
2.3 
arranged ag to the conditions (instructions and material) under which 
‘they were obtained. 


In Figs. 1 to 5 are represented the DL for each S. The broken 
lines connect those fo ‘curvature’ and the solid lines those for *expres- 
sion. The ordinates represent the amount of the DL, and the 
abscissae give the order of succession of the various DL under each 
set of instructions. The notations at each point give the conditions 

. 6 , 
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Frias. 1-5. DL ror EverY S Fies. 6-10. ConrriciENTS OF Prn- 
i CIBION FOR Every S 
Broken line connecte values for 'curvature; solid line connects values for 
: ‘expression.’ 
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under which that DL was obtained. Thus in Fig. ı we find that A's 
first ‘expression’ limen, obtained with Material B and Instructions H, 
amounted to 1.5, while his second ‘expression’ limen, with Material A 
and Instructions II, amounted to 1.3. Figs. 6 to ro are a similar 
representation of the coefficients of precision, the average of hi and hg 
. for each DL being graphed. In calculating the DL no absolute units 
of curvature were used. The stimulus intervals were regarded as 
equal to unity; hence the meee of the DL and the h are in this 
sense arbitrary. 
TABLE III 


JupawENTS oF MATERIAL A UNDER CONDITIONS UNRESTRICTED as TO Tnm 
AND DISTANCE 


Subject 

A C H Ot R 
Us. I, 2, 3 I, 2, 3 1, 2, 3 I, 2,3 I, 2, 3 
Down 5, 6, 7 5, 6, 7 5, 657 5, 6,7 5, 6, 7 
STRAIGHT 4 4 4 4 4 
SwILE 1,2 1,2, 3 1:2,3 1,2, 3 1, “perhaps” 2 
FROWN 7 | 5, 6, 7 5, 6,7 |» 8&6 7 7 
NEUTRAL 3,456 4 | 4 4 $5456 


In some cases the Ss were asked to write introspections, although 
no suggestion as to their content or purpose was offered. Quotations 
from some of these reports will be presented in the discussion; and in 
view of their importance it is to be remembered that they were 
absolutely undirected. 

At the conclusion of the experiment, a complete series of the 7 
different cards of Material A was laid before each S individually, 
after the cards had been shuffled. S was then asked to judge each 
card as ‘up,’ ‘down,’ or ‘straight,’ an indefinite amount of time and as 
close observation as desired being permitted. When these judgments’ 
had been made, the cards were again shuffled, leid before the S, and 
judgments of ‘smiling,’ ‘frowning,’ or ‘neutral’ requested. The-results 
of this experiment are recorded in Table III. 


DISCUSSION 


In the firet plac’, it is obvious that under the conditions of the 
experiment the middle category newral is essentially more elastic 
than the middle category straight. No line. which is perceived as 
eurved can rightly be judged as straight; yet it is quite in harmony with 
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the instructions, since no criterion of expression was imposed, to 
judge as neutral faces in which curvature of the lines was clearly per- 
ceived. The neutral category was also a much more convenient place 
to unload all doubtful judgments than the category sfraight. ‘That at 
least 2 Ss very probably took advantage of this elasticity is evident 
from Table III. C, H, and Ot under the conditions described judged 
as smiling each card perceived also as up, as frowning each card per- 
ceived as down, and as neutral the card perceived as straight. But 
though A and R were as accurate as the others in their judgment of 
curvature, they were not willing to attribute expression to all faces 
in which curvature was perceptible. Thus, A judged card 4 alone as 
straight, but cards 3, 4, 5, and 6 as neutral; while R, also judging card 4 
slone as straight, judged cards 3, 4, 5, and 6 as neutral and card 2 as 
"perhaps" smiling® The natural result of these tendencies, if carried 
into the main experiment, would be to make the DL for expression 
relatively greater than those for curvature in the case of these 2 Ss. 
This presumption can be seen from Table II to be verified for A, 
whose DL were in general quite low; but it is doubtful as far as R is 
concerned—possibly because of the magnitude of his DL, which indi- 
cates his having had much difficulty in perceiving any differences at 
all except at the extremes of the stimulus series. From these con- 
siderations we may conclude that the experiment from its very con- 
ditions favored lower DL for curvature than for expression. 


‘Learning,’ as indicated by a downward tendency of the thresholds 
or by an upward tendency of the ‘precision’ might be due chiefly, 
first, to general adjustment of S to the conditions of the experiment; 
and, secondly, to the attainment of greater stability in his criteria of 
judgment. The first tendency might reasonably be expected to show 
itself in large measure only during the early. part of the experiment, 
. for 3 sittings of almost an hour apiece were required for each of the 
first 3 or 4 DL for each S. (Besides, A had observed in a period of 4 


‘It may be noted that there was com lete agreement as to e extremes and 
: the middle, card 1 being in all cases ju smiling,” card 7 ‘frowning,’ and 
card 4 “neutral.” This relationship held also in the main riment the upper 
threshold always being that for "smiling" and the lower that for “frowning, 
while the point of subjective equality varied little from 4. 

Cf. S. W. Fernberger, The use of equality judgmenés in psychophysical po 
at elc Rev., 37, 1930, 110 f.: erie pee =r nien. between th 

the difference j ju ents. The difference ju ents are much en 

Mere in nature. The equality judgments are more dependent on the atti- 
tide of the observer, on the form of instruction, on the observer's understanding 
of instructions and, as Angeli pointed out, to an extent, at least, on his basic 
temperament.’ E 
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sittings, and C in 6 sittings, during the preliminary work.) New types 
of material were introduced, however, at various times, so that the 
difficulty of establishing criteria should have been somewhat extended, 
perhaps over the whole course of experimentation. 

As indicated in Figs. 1 to s, these tendencies were variable. A 
shows a marked trend toward greater stability of criterion in the 
limens of curvature, end a much slighter one in the thresholds for 
expression. The advantage at both start and finish lies with curvature. - 

C shows a trend toward increased stability for expression which is 
emphatic; his series fcr curvature is more uncertain, though it is in 
general in the same direction except for a reversal in the case of the , 
last DL. Here the advantage is with expression after equality at the 
start. ; 
In the ease of H, there is a more evident improvement in the 
criteria for curvature than in those of expression. The last 3 DL for 
each are practically constant. 

The tendencies of Ot are indecisive. A sharp drop at the beginning 
is more or less neutralized thereafter. | 

Es criteria for expression show great improvement with the intro- 
duction of the full face, but his series for curvature has a general up- 
ward movement—the only case in the results which indicates de- 
creasing precision of criteria. 

In brief, then, in two cases, A and H, the criteria of curvature 
show a greater tendency toward precision than those of expression; - 
for two other cases, O and R, the expression series shows more marked 
gain in stability than does the curvature series; O?’s results show little 
improvement for either; and there is one cage of a trend toward de- 
creased stability, F8 curvature series. 

It must already be evident that in spite of the large number of 
judgments upon which the DL are based, the variability is of such 
magnitude as to preclude statistical reliability for the differences 
among DL. The results must, then, be taken as suggestive rather 
than conclusive, certain tendencies being at least sufficiently marked 
to justify their being discussed. | 

. The coefficients of precision (hı and hg) in all cases show a general 
tendency toward improvement, as may be seen in Figs. 6-10. The 
curvature judgments have on the whole considerably less scatter for 
each S than have the expression judgments; but, on the other hand, 
for C, H, and Ot the precision increases more steadily for expression 
than for curvature, while for A and R the two increase at about the 
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same rate. In general, the precision for curvature, while greater than 
that for expression, is also more variable.. 

Since the variability is so great, it is difficult with 5 different types 
of material and only 11 DL for each S to determine the effect of these 
differences of material. The full face, whether upright or inverted, 
seems to give lower limens than the mouth face or the single line; but 
as between the two latter there appears little difference, excepting in 
the case of the mouth face with instructions for expression, which gave 
in general the highest DL. From Table II it can be seen that only 
for H did the mouth face with instructions for expression rank higher 
than fourth among the 7 different conditions, and.that in two cases it 
ranked last. Evidently the mouth face is not as expressive as the full 
, face. 
One would likely suppose a priori that the thresholds would be 
lower when there were 3 lines by which to judge instead of one, and 
that it would be easier to judge the expression of a face with eyes and 
mouth varying than that of a face with the mouth alone varying. 
The fact that, in spite of the variability and of the small number of 
DL relative to the number of conditions, the indications are in line 
with such apparently reasonable expectations justifies confidence in 
the reliability of the results. 


Perhaps the most interesting comparison is that concerning the effects of the 
two types of instructions, those for curvature (Instructions I) and those for ex- 
pression (Instructions I1). Fig. 1 shows A’s results. The successive DL under 
instructions to judge curvature are connected by the broken line, and those for 
expression by the solid line. It can be seen that A's thresholds for curvature are 
considerably lower than those for expression, for there is not even an over- 
lapping of the two curves. That A should have given such results is quite in 
accord with the fact that he tended to demand an easily perceptible curvature 
before he would judge the face as having any but a neutral expression. His intro- 
spections give some cues as to his criteria. After his first observation period, 
under conditions LA, he wrote: 

I usually mes the left eye. . . .. It was most infrequently that I saw 
the mouth. . . Occasionally both eyes appeared distinct —at times but one. 

Under sonditions TIB (his second threshold) he wrote: 


I find myself using at least three criteria: (a) distance between eyes and mouth 
if great usually a frown,—if very short, a smile,—in between, guess frown or smile 
or Py (b) whether mouth was curved up or down: up—a smile, down—a 
frown; (c) length of nu if very short or curved (noticeably down), a frown; 
medium even when slightly curved, neutral; long, if cured up, a smile, if curved 
down, a frown. I used these (and cthers I don’t remember) singly, together, 

etc., now one, now ano 

The “medium, even when slightly curved, neutral" is significant, as is the 
evident difficulty he had În establishirg a criterion of expression. No other light 
upon his criteria appearsén his introspections. 
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Ot's resulta (Fig. 4) are not clear-cut, though what advantage there is appears 
to bein favor of expression. Nointrospective evidence as to his criteria is available. 

It will be remembered that at the end of the experiment R showed, as did A, 
the tendency to demand much apparent curvature before judging the face as 
expressive. Es thresholds (Fig. 5) are by far higher than any of the other Seg, 
both for expression and for curvature; the upper and lower thresholds are near 
the limits of the stimulus series. His first two expression limens, with the mouth 
face, are considerably above the first two curvature limens, but, when the full face 
was introduced, the DL for expreasion dropped and fell below the succeeding 
curvature DL, though never quite reaching the low level of the first curvature DL. 
In an introspection upon the first DL (IIB) he stated: 

Usually I fixate the mouth, often the STC BrONs but I try to see the thing 
as a whole. 

On the second DL (IA) he wrote: 


Since starting on the second series several things have occurred to me. I did 
not have a clear idea of the precise criterion d ou tee U, D, or 8 but it gradually 
became apparent. The first few times I judged em by th the curvature of the 

eyebrow, usually by the one on my left. Today 1 I found that I was judging 
by looking at the eyebrow on my right, and at the right end. I tried to use the 
same method I been using but could not seem to do so. Perhaps a limited 
distribution of attention prevents me from seeing the image a8 a whole and judg- 
ing from that, for I cannot seem to do so in the short interval allowed. 

C's results (Fig. 2) show a tendency in favor of keener sensitivity for ex- 

: pression than for curvature, arter approximate equality at the start. Apparently 
enjoying the experimental session, he would often, when under instructions to 
judge expression, make such exclamations as, “Oh, what an ugly frown!” or 
“What a nice broad smile!” We have noted that C served as an S in the pre- 
liminary study when the procedure for this experiment was being worked out. 
At the first sitting of this preliminary work he was judging the curvature of a 
single line, and his introspecticn at the close of the period is of interest. He wrote: 

Only a short space before the end of this experimental period I first associated 
the idea of mouth with a downward curve, and the thought ‘sour-stomach’ came. 
After that the idea of mouth connoting face came and the idea that there should be 
a face surroun the oral groove. [C's italics.) Several times thereafter a mild 
feeling of dissatisfaction was aroused by the fact that I could not visualize a facial 
setting. The ‘mouth’ association—as soon as it appeared—seemed to facilitate 
ihe perception of curvea. 

All this was written before he had seen or known anything about the face 
materiel. Later, after instructions to attempt to forget the mouth, association he 
reported that it appeared very seldom. In the main experiment he gave. the 
following introspections: 

E DL (IIA): “At first I began using the D as my fixation point but 
after 4 irri decided that mouth would be more satisfactory criterion— 
if ‘ap? smil down,’ hace level,’ neutral. . . Principal criterion mouth." 

th DL (ID): ' ‘Noticed some confusion at first with the new type of material 
— ‘figures.’ The Gestalt of ‘face’ was so well established that the idea ‘face upside 
down’ came into consciousness immediately and persisted until the observation 
period was about three-quarters thru, when I became aware that ‘face’ was gone 
and I was observing simply two horizontal lines—curved or straight—on the 
lower part of the card. ! the first two cards I tried to get my eue from the 

‘mouth;’ finding this unsatisfactory I adopted ae es as my criteria and 

continued so until the end of the day’s observation.” 


m 
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The most definite case of lower DL for expression than for curvature was 
that of H, as can be seen from Fig. 3. His introspections are correspondingly 
interesting. 

First DL (IB): “Instead of making my judgments solely upon the direction 
of curvature, I frequently made them upon Hanae of the ‘general impression’ 
which the individual stimulus left upon me. If the face looked pl pit was 
Up; if it looked displeased or as if it wore a frown, the judgment was ‘Down.’ 

the face a ed to have neither of these expressions, it (the judgment) was 
‘Straight.’ (Note that this was written without S’s knowing that he would later 
be asked to Judge expression.] After the intermission I tried to hold myself more 
rigidly to the judgment of curvature alone, and during the remainder of the period 
I ielt that I was making a greater number of ‘Straight’ judgments than before. 
[Not in accordance with the facts—the relative number of ‘straight’ Judgments 
was almost exactly the same for the periods before and after the intermission.] 
The degree of eae assurance was considerably less; and I felt that while 
fixating the ‘mouth,’ the other features were getting into consciousness by in- 
direct vision, and thus influencing my judgment, somewhat as previously, by the 


method of ‘general impreasion. . 

First DL (IB)-—second sitting: “I tried to make all my judgments on the basis 
of curvature of mouth alone, but, as before, I felt that in many cases I was in- 
fluenced by the ‘general impression’ which the diagram made. I found it difficult 
sometimes to fixate the mouth alone, as that frequently caused a blurring and I 
could report neither ‘up,’ ‘down,’ nor ‘straight.’ It seemed, in some exposures, 
that not only was the mouth curved, but the eyes as well. This circumstance is 
probably a function of the whole Gestalt (1.e. pattern) itself." 

Second DL (IIA): “The change in Aufgabe today had the effect of modifying 
the Einsiellung, in that a specific judgment as to curvature of the mouth was not 

wired, but rather a judgment of general impression, in terms of ‘smile,’ frown,’ 
or ‘neutral.’ As other features than the mouth may contribute to these character- 
istic expressions, the whole facial pattern was involved in my responses. The 
exposures are, of course, too short to it of anything like analysis, and, as J 
can not, at least not often, re-image the diagram, the response must be made on 
the basis of something like ‘snap’ judgment. While I cannot be certain that other 
features besides the mouth are contributing to the papain impression,’ I some- 
times believe they are. However, I am sure that the curvature of the mouth, 
when definitely perceived, is the deciding factor in many of my judgments.” 

Third DL (ID): “While the reversal of eds ae minimized the apperceptive 
tendency to interpret it as a face, yet it was still a face; and the criterion, which 
has characteri the eol of my judgments, namely, a rather indefinite 
‘general impression,’ seemed to operate. To me, this belief was reinforced by 

e fact that I experienced considerable confusion at first in reporting the judg- 
ments. If the horizontal lines were turned down on the avead I had the 
impression of a ‘smiling face,’ which previously had been reported ‘up,’ or ‘smile.’ 
And on several occasions, these were my reports, which I immediately asked to 
have changed to ‘down.’ " 


Since these introspections were written not as the result of 
specific questioning, but merely under instruction to write anything 
S deemed important (H, indeed, wrote several of his without being 
asked to do so), it seems significant that the two Ss, H and C, for 
whom the DL for expression tended definitely to be lower than those . 
for curvature, should have been just as definitely the only two for 
whom the effect of egpression in the diagrams was very striking. 
Further, the fact that any of the Ss should have given lower DL for 


16 IRWIN 


expression than for curvature is rather astonishing, when we remem- 
ber our consideration of the neuiral category as compared with the 
relative inelasticity of the straight category. Hence, while the in- 
conclusiveness of the resulta from the statistical point of view must 
' be admitted, the writer nevertheless believes it strongly suggested 
that the difference threshold for perception of facial expression in 
diagrams can be lower in the same individual than that for the per- 
ception of curvature. ` 

From results as indecisive as those of the present experiment it 
would be extremely rash to draw inferences of a general nature; yet, 
' beeause of the importance of the problem to the theory of perception, 
it is well to indicate briefly what would be implied in the outcome of 
such an experiment if it were possible to generalize. In the case that . 
results (like A’s) "were the rule, we should conclude that an attitude 
predisposing S to perceive the parts rather than the whole of a con- ` 
figuration favors the lowering of the differential limen, which very 
likely would be quite acceptable to the adherents of atomistic hypo- 
theses. If, again, we found no valid differences to exist in the results 
(such as Ots), the descendants of Locke would be nothing dismayed. 
But how would this school explain lower thresholds for the perception of , 
the configuration as a whole than for the perception of any part of that 
game configuration (toward which tend the results of E, C, and H)? 
What is present to assist the perception of the configuration, and not `’ 
present to aid the perception of a part, unless the configuration itself? 


CONCLUSIONS 

(1) hivaholds for the perception of difference in facial expression 
and in the curvature. of lines were obtained with diagrammatic 
material. A high degree of variability is present in the results. 

(2) ‘Practice effect’—the tendency toward progressive lowering 
of the DL—was present, though relatively slight. 

' (3) The ‘precision’ in general increased during the course of the 
experiment, and the increase was greater, though more variable, for 
curvature than for expression. 7 

(4) The‘ precision,’ as a rule, was greater for curvature than for ` 
expression. 

(s) The middle category of the expression judgments (neutral) 
was found to be more elastic than the middlg category of tiie curva- 
ture judgments a a i 
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(6) . For one S, DL for curvature were consistently lower than 
those for expression. For another, the results were indecisive. Fora 
third, the DL were lower at first for curvature but later for expression 
For two Ss, the DL for expression were in general lower than those for 
curvature; and these two were shown by introspective evidence to 
have had strong tendencies toward perception of the face as a ‘whole.’ 


(7 All Ss agreed without instructions upon the direction af 
curvature present in the ‘smile’ and in the ‘frown’ respectively. 


(8) The DL were lower, on the whole; for material in which 
three lines varied than for that in which but one line varied. This 
was particularly true in the DL for expression. 


THE DISCRIMINATION OF SHORT INTERVALS OF TIME .- 


BY FINGER-TIP AND BY EAR 
By PHARL FARWELL GRIDLEY, Nariwestern University 


The problem of comparing: the various. senses in respect to the 


` discrimination’ of short intervals of time is an old one in the history of ' 


experimental psychology. Included in Czermak's program: for ex- 
perimentation in time perception, drawn up in 1857, is the suggestion 
that the shortest interval of time perceivable by the different senses 
be determined and that the senses be compared as to accuracy in 
judging the same time intervals. This latter problem has never been 
systematically studied with any considerable number of subjects. 

Most of the work in time perception has dealt with the sense of 
hearing alone. With one exception the early investigators were pri- 
marily or exclusively interested in this phase of the problem. Vier- 
` ordt worked with vision and touch as well as hearing, but the data 
for each are scanty: though some 20oo judgments are recorded 
they are spread over a large number of different time-intervals,. with 
several different methods, dealing with the three different senses. 
All the early experimenters worked with few Ss. Recent workers 
have used many Ss but have confined their investigations to the 
sense of hearing. 

The problem of camparing touch and hearing as regards time 
, perception has acquired new interest in relation to Gault’s work with 
the tactual discrimination of forms of speech? He has demon- 


strated in a series of experiments with the teletactor that certain 


vowel, diphthongal, and consonantal qualities, as well as gross word 
and sentence patterns, may be distinguished through the finger tip. 
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A recent study from his laboratory has shown that Ss learn to dis- 
tinguish sentences by the gross patterní—pauses, accents, rhythm, 
and tempo—when no other criteria are present, and that when the 
gross patterns are the same, Bentences can be distinguished, though 
leas accurately, on the basis of vowels and consonants. It seems prob- 
able from the introspective reports of the Ss that discrimination on 
the basis of consonants is &; least in part discrimination on the basis 
of time; some consonants give a “clipped-off” effect, others a “drawn- 
out” effect. Gross sentence pattern involves a multiplicity of factors, 
one of which is time. It is possible that Gault’s results, in as far as 
they indicate an advantaze accruing to the deaf interpreter of 
spoken language in a situation where he simultaneously sees the face 
of the speaker and feels his words, may be due in part to the abil- 
ity of the deaf S to distinguish intervals by aid of his tactual sense. 
These considerations bring up the old problem of time perception. 
How small an interval of time can be distinguished by touch? How 
does touch compare with hearing in this respect? It was suggested 
that if a technique could be developed by which the vibrations from 
` the Seashore phonograph record for the measurement of the “Sense 
of Time" might be transmitted to S through the receiver of the 
teletactor a comparison might be made between the two senses, & 
comparison on the basis of a test already widely used in the case of 
hearing; and that data could be accumulated concerning the threshold 
for the discrimination of short intervals of time by touch. Such is 
the purpose of the present -nvestigation.® 


MxTHOD 


The problem required that £ should make judgments concerning the relative 
length of short intervals of time laid off by auditory and by tactual stimuli. It 
was essential that-the time-intervals be accurate and be the same for the two 
conditions of stimulation, touch and hearing, and that such factors as intensity, 
pitch, and duration of the stimu i be the same and, as nearly as possible, constant 
throughout the experiment. Ta meet these requirements it seemed best that the 
Source of energy producing the stimuli, and its transmission to S, should be the 
same for touch and hearing. 

Source of stimuli, their nature, and order. The Seashore phonograph record 
for the measurement of the “Ssnse of Time" was used to produce the stimuli. 


Les is one of the series “Measures of Musical Talent," Columbia record 53002 D, 


Mg. F . R. Rose, The importance of pattern in learning sentences over the 
tele. "ctor, unpublished Master's Thesis, No rthwestern Univ., 1929. 


“L`e author is indebted for. the suggestion to Professor W. R. Roberts of 
Redlan.'s eee 
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No. 3 À and No. 3 B. It was run on an electrically driven phonograph, and the 
vibrations were transmitted through an amplifier and telephone receiver and 
presented to S in an adjoining room as ‘clicks’ in the hearing condition, as 'im- 
pulses’ against the finger-tip in the touch condition. Medium-tone steel needles 
were used. In the case of auditory stimulation S hears a series of clicks which 
come in groups of three. He is told: “You will hear three clicks marking off two 
intervals of time. If the second interval (that is, the time between the second and 
third clicks) is longer than the first interval, record L; if it is shorter, record 8."'* 


In the touch condition he feels these same stimuli as ‘impulses’ against the thumb. ' 


The apparatus which produced the clicks from which the phonograph record 
was made is described briefly by Seashore’? and more fully by Ross.* In the 
phonograph record S is given 100 trials, 20 for each of 5 increments. Each trial 
is & comparison between the standard 1-sec. interval and an interval which ex- 
ceeds the standard by 0.02, 0.05, 0.09, 0.14, or 0.20 sec. In the series from which 


the record was made chance determined in each trial whether the standard or the 


longer interval should be sounded first. The key shows the order of presentation. 
_ The degree of difficulty, given in terms of 0.01 sec., is indicated at the head of 
each column. In the first block of 10 trials the increment 1.20 sec. is presented 


Key? 

A. B C D E F GH IJ 

20 20 I4 I4. 9 2 2 5 5 9 

c) L L b 8. L d 8 L S 8 

2) 8 S 8 L S L L S8 L L 
(3 L L 8 8 8 S8 S8 L L L- 
4) B8B L L 8 LL LL 8 8- 

(5) 8 L L L LL 8 8 S 8 

6) 8 S8 S8 L S 8 B8 L L 8 

7” L L 8 L S S8 L S 8 L 

80 L L L S.8 L S8 S8 L 8 

(9) 8 8 8 LL S8 L L L L 

G) 8 B L L L L L L L L 


for comparison with the standard (Col. A reading down); following a short pause, 
a second block of ro trials is given with the same increment (Col. B). In the 
same way two blocks of 10 trials each are given with the increment 1.14, followed 
by one block of 10 trials with the increment 1.09. This completes the A-side of 
the disk (Cols. A to E). The B-side is similar, with two blocks of trials for incre- 
ment 1.02, two blocks for increment 1.05, and one block for increment 1.09 
(Cols. F to J). 

To test the accuracy with which the phonograph reproduces the original 
sounds Seashore presenta photographs of the path made by the prong of a vibrat- 
‘©, E. Seashorep Manual of Instructions and Interpretations for Measures 
Musical Talent, 1515. AN : Ad 

'Beashore, T'he Paychology of M'usical Talent, 1919, 108-9. 

tf’, B. Ross, The measurement of the time-sense as an element in the sense of 
rhythm, Psychol. Monog., 16, 1914, 166-172. 

Seashore, Manual of Instructions, 9. 6 
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ing tuning fork upon the rotating phonograph disk. The test waa made upon a 
spring type phonograph, wound by hand. The speed of rotation of the disk was 
found to be highly accurate; an error as large as 0.001 sec. in a single revolution 
was scarcely ever found.” 

Transmission of stimuli. The phonograph used in the present experiment 
was a combination of two instruments. The original plan was to use a model 
No. 180 Columbia Viva-tonal Electric Radiograph, run by a synchronous motor. 
It is adjusted to run at the rate af 78 r.p.m., and the speed of the motor cannot 
be changed. The average phonograph record is best run at this speed. > All the 
Seashore records except that for the sense of time are made for this standard rate. 
The time record, however, must be run at 60 to 65 r.p.m. This made the syn- 
chronous motor useless for our experiment. A Brunswick phonograph, Model 
No. T 160699, was substituted, run by a universal motor with speed regulator, 






2 Phonograph Cka Radia 
1A Needle £5 mfd. £5 megohms 





Socket Amplifier 
Frac. 1. WiaiNa DIAGRAM OF AMPLIFYING APPARATUS 


driven by the city current, 110 A.C., 60 cycle. In combination with this the 
pick-up arm from the Columbia machine was used as described below. 

The motor waa set to run at 62 r.p.m. The constancy of its speed was tested 
by two methods: first by a Veeder Counter; and secondly by observing the 
number of times in a 1-min. period that a bit of paper, pasted on the record, 
passed a'given point. Time was taken with a stop-watch and the full minute 
interval was used in each case. The second method was used as a check on the first, 
because of the possibility that excess pressure of the hand on the Veeder Counter 
would retard the speed. Readings were taken at both the beginning and the end 
of the record, that is, near the outer and near the inner limits of the disk. The 
mean of 26 readings was 61.5 r.p.m. with an S.D. of o.31. This rough test was 
considered sufficient proof of the accuracy of the motor in view of the assurance 
given by Seashore’s work Concerning the high degree of accuracy of a good 
phonograph motor, 

It had been hoped to take additional readings at the end of the experiment as a 
further check, but through a misunderstanding the mechanician in adjusting the 
apparatus changed the speed slightly. This occurred after the experiment was 
completed but before the second group of readings was taken. These readings, 
though useless as a check on the constancy of speed throughout the experiment, 
serve as an added check on constancy within a short period. Of the-30 readings 
taken at this time the mean was 63.21 revolutions per min. with an S.D. of 0.301. 


10Seashore, Psychology of Musical Talent, ATL and 32-33. 
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A Western Electric two-tube amplifier, model 34-À, plugged in at a second 
socket to the wall current, was in circuit with the pick-up arm on the phonograph 
and a telephone receiver (cf. Fig. 1). The latter was in an adjoining room where 
S sat. In this way, vibrations from the phonograph needle in the grooves of the 
revolving record were picked up by means of the magnet in the pick-up arm and 
transmitted through the amplifier to the receiver. The amplifier may be set to 
give 4 successive degrees of amplification. In the description of the experimental 
procedure which follows these are referred to as amplifications 1, 2, 3, and 4, re- 
spectively. The receiver, which has a natural frequency of 800 d.v., is similar 
to an ordinary telephone receiver. It was made by the Bell Telephone Laboratory 
of New York, as a part of the Teletactor, for use by Professor Gault in the Vibro- 
Tactile Laboratory. 


In circuit between the amplifier and the pick-up arm was a filter, consisting of ` 


a resistance coil of 25 megohms and a condenser of o. 25 mfd. This partially 
eliminated the vibrations caused by the scratch of the needle on the revolving 
record. These vibrations, scarcely audible to a listener with ear close to the 
needle, were very noticeable at the receiver end of the system when a high degree 
of amplification was used. Various types of condensers were tried in an effort to 
eliminate the scratch without reducing the energy of the clicks tranamitted 
through the receiver, but with only partial success. The frequency of the scratch 


was so close to that of the clicks that it was difficult to cut out one without the 


other. The effect of inserting condensers in the circuit between the amplifier 
and the receiver was also tried, but with no better success. Aside from the 
seratch of the needle a second source of ‘background’ vibrations was found. When 
the switch in the current between the amplifier and the pick-up arm was shut off 
and the needle'was not in contact with the record, vibrations from the revolving 
record were heard in the receiver. The probable explanation is an induced cur- 


rent produced at the point of contact of the electrical speed-regulator against the . 


motor. Vibrations from these two sources, the scratch of the needle and rotation 
of the disk, were present throughout the experiment. They were faint when 
amplifications 1 and 2 were used, but quite pronounced with amplification 3. 
‘In the auditory condition they were heard as a background noise; in the tactual 
condition they were felt as a faint trembling of the diaphragm. In all cases, how- 
ever, the auditory ‘clicks’ and tactual ‘impulses’ stood out clearly against this 


background. 


Presentation of stimuli. (a) Hearing condttion. In the hearing condition the. 


receiver was suspended from a standard directly in front of the seated S. The 
height was adjusted so that it was on a level with S’s ears and about 3 ft. in front 
of him. S was seated in a chair with a writing arm. 

(b) Touch condition. In the touch condition S held the receiver in hia left 
hand, with thumb resting lightly on the diaphragm. He thrust his àrm up to 
the elbow into a soundproof box." This was of wood, 4 ft. square, completely 
` filled with sawdust. Part way up the side was an opening large enough to ac- 
commodate S's arm in a position comfortable to a seated person. A cloth sleeve 
attached to the opening was inserted into the box for a distance of 2 ft. Into this 
sleeve S thrust his arm, holding the receiver. A cloth was tucked about the arm 





“The box is that constructed by Gault for use with the teletactor. . 
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to fill any extra space and close the opening. The box in large measure deadened 
the sound from the receiver, but some Ss could still faintly detect the clicks. 

Earlier investigators in the leboratory have tried various means of controlling 
this factor. The only one which proved successful was the use of a loud dis- 
tracting noise. In the present experiment the same distraction was used. It 
consisted of two pairs of electrical buzzers, one pair suspended near the right ear, 
the other near the left ear of she S. The buzzers were all on one circuit and 
operated simultaneously. Ther produced & loud, continuous noise. Preliminary 
tests showed that, when the buzzers were operating, S, with arm and receiver 
thrust into the box with thumb removed from the diaphragm, was unable to 
detect the stimuli at all. The bazzers, while they proved successful in eliminating 
sound from the receiver, created another problem by providing a strong distrac- 
tion in the touch condition which was not balanced in the hearing condition. The 
possibility of introducing a tactual distraction in the hearing condition was con- 
sidered, but, since there seemed to be no possible means of equating two distrac- 
tions presented to two different senses, it was not adopted. It was decided to 
recognize the distraction as a possible source of error in the touch condition and 
to make no effort to balance it in the hearing condition. A few of the Ss reported 
that the distraction was defin:tely disturbing and made concentration difficult. 
A few reported that after the first few moments in the preliminary practice period 
they ceased to be conscious of the buzzer at all. Many reported that, while aware 
of it throughout, they were of the opinion that it did not affect their Judgments. 

Intensity of stimuli. The problem of controlling the intensity of the stimuli 
under the two conditions, touch and hearing, presented serious difficulties. 
Chief among these was the fact that in the touch condition this was partly under 
the control of S, whereas in the hearing condition it was not. The pressure of S’s 
thumb upon the diaphragm of the receiver dampened the vibrations. If consider- 
able pressure was exerted, tha distinct ‘impulses,’ corresponding to the ‘clicks’ 
of the hearing condition, were so deadened and blurred as to be indistinguishable 
from the faint ‘background’ vibration. In the preliminary practice period each S 
was warned of this fact and was instructed to allow his thumb to rest gently upon 
the diaphragm without exerting any pressure. Æ demonstrated the angle at 
which S was to hold the receiver so that the weight of the hand would not 
press the thumb against the diaphragm. S then thrust his arm with the receiver 
into the soundproof box and shifted it about slightly until a position was found 
where it could rest comfortakly without tension and without pressure upon the 
‘diaphragm. In spite of these precautions a number of Ss reported that in the 
effort to make eccurate discriminations they unconsciously tensed the arm and 
pressed down upon the diaphragm. They were unaware of this reaction until 
they relaxed suddenly at the rest period or at the end of the sitting. 

Even if S did not exert muscular pressure upon the diaphragm, the mere con- 
tac. e thumb against it Jampened the vibration; that is, the amplitude and 
. conseque. “ly the intensity of vibration was less when the thumb was in contact 
with the diap.~agm than when the latter vibrated freely? A rough measure of 
this difference was tained by comparing the loudness of the clicks when the 
ee MOMMSEN ERE INNEN MOD ee 


uM. A. Weichbrodt, Tacvual and visual discrimination of consonantal endings, 
M.A. Thesis, Northwestern Univ., 1930, I5. 
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thumb was placed on the diaphragm (outside the soundproof box) with the loud- 
ness when the diaphragm was allowed to vibrate freely, as in the hearing con- 
dition. In preliminary work with four Ss it was found that the loudness produced 
by setting the amplifier at 1 in the hearing condition appeared to be approximately 
equal to that produced by setting the amplifier at 2 in the touch condition; te. 
contact of the thumb upon the diaphragm without muscular pressure reduced the 
loudness an amount equal to the change produced by reducing the amplification 
from 2 to 1 when the diaphragm was vibrating freely. 

The four preliminary Ss agreed that with amplification I for TR and 2 for 
touch the stimuli were always well above the threshold and easily senged without 
strain. With a higher amplification for hearing an unpleasant roaring sound was 
produced; with a lower amplification for touch some of the stimuli were lost. 
This arrangement was, therefore, judged best, both because it appeared to 
approach optimal conditions for both touch and hearing and because it seemed 
the nearest approach obtainable to an equating of the physical intensity of the 
stimuli for the two conditions. 

Further experimentation, however, showed that this rough measure of inten- 
sity was rendered totally unreliable by the fact, described above, that S might at 
any moment reduce the intensity of the stimuli even to a point where they fell 
below the threshold and were confused with the ‘background’ vibrations. To 
complicate the matter still further, some of the Ss complained that these degrees 


of amplification for hearing and touch respectively were not sufficient; that, the - 
stimuli were barely discernible and often fell below the threshold when ihe st- . 
tention wavered. Other Ss, on the other hand, complained that when amplifica- ` 


tion was increased the stimuli became actually painful: in the hearing condition 
the sound was unpleasantly loud and harsh; in the touch condition the sensation 
was like an electric current running up the arm, distinctly painful | 

In view of these difficulties it waa decided to make no effort to present stimuli 
of equal intensity to all Ss under both conditions, but rather to allow each S to 
choose in the preliminary practice period that degree of amplification which ap- 
peared optimal to him for touch and hearing respectively.. The majority chose 
amplification 1 for hearing and 2 for touch; some chose 1 for hearing and 3 for 
touch; a few chose 2 for hearing and 3 for'touch. It was argued that, since the 
purpose of the investigation was to measure time perception and not sensory 
acuity, the best measure could be obtained by presenting each S with conditions 
optimal to him individually. This advantage coupled with the great difficulties 
of controlling intensity was the deciding factor in & choice of the method to be used. 

In the preliminary practice period S was allowed to hear and‘ to feel the dif- 
ferent degrees of amplification and was told to choose that one in which the stimuli 
appeared most distinct and stood out most clearly from the background vibra- 
tions. He was warned concerning the effect of preasing upon the diaphragm with 
the thumb, and was told that: if during the experiment the stimuli appeared to 
grow more faint he wag to regulate the degree of contact by moving his thumb 
very slightly during a period between stimuli. 

Subjects. Thirty Ss served in the experiment. Of these, 23 were caged 


ate students in psychology at Northwestern University, g were graduate students, ` 


I was a professor of psychology, 1 & secretary, and : & social service worker. 
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Of the 30 only 3 had had previous experience with the teletactor. Two of these 
were graduate students (Ss 7 and 17) who had served in a preceding experiment 
on the reception of speech throvgh the finger-tip: the third, a professor of psy- 
chology (S r3), had repeatedly served as subject in work with the teletactor. 
Of the 30 & number had at one time or another in their school experience been 
tested for musical ability by the Seashore records in the usual way. 

Experimental procedure. Hach S served for two sittings of approximately 40 
min. each in April and May of 1930. The interval between sittings varied from 
Ito 38 days. At each sitting, avery S made 100 judgments by touch and 100 
judgments by hearing; that is, both sides of the phonograph record were pre- 
sented under both conditions. Thus, at the end of 2 sittings each S had made 200 
judgments by touch and 200 by hearing. This gave for the group 6000 judgments 
by ear and 6000 through the finzer-tip. To balance between the two conditions 
any practice effect within the period of experimentation, the ABBA order was 
used, as follows. The Ss were divided into 2 groups of 15 each. In the first sit- 
ting Group I made 100 judgments by touch, followed by 100 judgments by hear- 
ing, while Group II reversed this procedure, judging first by hearing, and then by 
touch. In the second ang Group I started with hearing and Group II with 
touch. 

At the beginning of the first sitting, preceding the main series, every S was 
given a preliminary practice period. Using the middle portion of the A-side of 
the phonograph record, S was allowed to hear the ‘clicks’ and feel the ‘impulses’ as 
he held the receiver in his hand. E counted with him “one, two, three" as the 
clicks occurred for two or three trials, and S made his judgments orally. The 
stimuli were continued until the nature of the task was thoroughly understood. 
The best method of holding the receiver was demonstrated. Then S thrust his 
hand with the receiver into the soundproof box, the buzzer was turned on, and he 
made a few judgments by touch. In cases where S seemed disturbed by the dis- 
traction he was allowed to sit for several minutes with the buzzer operating until 
he became more accustomed to the noise. As mentioned above he was allowed 
to hear and to feel the different degrees of amplification and choose which he 
preferred for each of the two conditions. The method of recording was explained, 
and attention was drawn to the longer interval occurring after every 1o trials. 
When the task was thoroughly understood and S at ease, the main series was 
begun. The time occupied by the proumuary practice was &pproximately 
IO min. 

During the main series E, engaged i in the operation of the phonograph, was not 
in the same room with S. The-A-gide of the disk was run through without pause. 
Then E returned to the experimental room, glanced at the record sheet to make 
sure the task had been understood, and talked with S during a rest period of 
2-3 min.. During this rest period in the touch condition S withdrew his arm 
from the box to prevent numbness. The B-side of the digk was run through 
under the same condition. Following another rest period the second condition 
was presented in the same way. This too was broken by a rest period in the 
middle. The second sitting, was like the first except that the preliminary in- 
struction and practice were shorter, just sufficient to recall the procedure to 8S. 
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Hearing 
, À B C 
S Sit. I Sit. II Total 
I. 82 85 167 
2. 71 75 146 
3. 80 ` 71 I5I 
4- 85 90* 175 
5. 76 79 146 
6. 78 85 163 
7- 87 79 166 
8. 69 75 144 
9. 75 81 156 
IO. 66 57 123 
II. 79 80 159 
I2 80 73 153 
I3 90 89 179 ' 
14 80 81 16I 
I5 78 77 I55 
16 75 79 154 
17 80 85 165 
18 85 8I 166 
I9 60 67 127 
20 77 74 I5I 
21 70 85 I55 
22 78 | 86 164 
23 83 83 166 
24 75 74 149 
25 87 82 169 
26 63 74 137 
27 86 84 170 
28 76 81 157 
29 70 80 150 
30 70 75 I45 
Bum:- 2334.5 
My = °77.82 
P.E. of Mj = .779 


Diff. between means = 77.82 — 72.83 


GRIDLEY 
TABLEI 
RECORD or Sconzs 
Touch 
D E F G 
Av. " Bit. I Sit. I1 Total 
83.5 82 75 157 
73.0 68 , 78 146 
795.8 69 73, IQR 
87.5 75 85 160 
73.0 69 74 143 
81.5 66 74 140 
83.0 71 82 I53 
72.0 75 79 1854 
78.0 74 | 79 144 . 
61.5 59 60 119 
79.5 75 8I ` 156 
76.5 74 78 I52 . 
89.5 72 65 137 
80.5 7a 78 150 
77.5 67 78 145 
77.0 60 . 66 126 
82.5 . 80 83 © 163 
83.0 79 83 162 
63.5 64 55 119 
75.5 65 71 136 - 
77.5 7I 72 143 
j 82.0 .28 80 158 
83.0 71 83 154 
74.5 69 71 140 
84.5 78 73 I5I 
68.5 66 76 142 
85.0 83 75 158 
78.5 70 74 144 - 
75.0 70 71 I4I 
72.5 69 66 135 
Bum = 2185.0 
M, = 72.83 
P.E. of M, = .694 
= 4.99 | 
P.E.g = ro ' 
M, = 93.5% ofeMy 
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Fra. 2. DISTRIBUTION OF SCORES 
Average of Sittings 1 and 2 using all incrementa 


RESULTS 


Table I presents the scores of each S and the total group scores. 
The columns to the left give figures for the hearing condition; those 
to the right give figures fcr the touch condition. For each S the score 
is given for Sittings I and II, respectively, expressed in percent right 
or in number of correct judgments out of a possible roo; the total 
score for both sittings expressed in number of correct judgments 
out of a possible 200, and the average score of the two sittings. Since 
, there were roo trials per sitting, this last item may also be read as 
the total score expressed in percent right. At the bottom of the table 
the average or mean score for the group is given. The group mean 
for hearing, z.e. the average of the items in Column D, is indicated 
by the letter Ma; the group mean for touch, i.e. the average of the 
items in Column H, is indicated by the letter M:. The P.E. of the 
group mean has been computed for hearing and touch respectively, 
and also for the difference between these means. The relationship 
between M; and M is axpressed both by number of correct judg- 
ments and by percentage. e 

Fig. 2 shows the distribution of scores s for the group for both hear- 
ing and touch. The base line gives the scores, which for each S are the 
average scores of Sittings I and II, using all 5 increments It is 
plotted from the items in Columns D and H of Table I. 
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Table II presents the scores according to the various increments 
or degrees of difficulty, in the case of both hearing and touch. The 
figures directly below the letters designating the columns (A, B, C, 
ete.) give the sitting, either first or second. The row below this 
shows the increment in hundredths of a second, from the least degree 
- of difficulty, that of twenty hundredths, to the greatest, that of two 
hundredths. The vertical column at the extreme left gives the nines 
of the Ss from x to 30. 


"The table should be read as follows: In the hearing condition S 1 in Sitting I 
out of 20 trials with increment 20, made 20 correct judgments, a perfect score 
(Column A). In Sitting IT with the same increment she made 19 correct 
judgments (Column B). With increment 2, however, she made only 11 correct 
judgments out of 20 trials (Column I), and in Sitting II only 10 (Column J). This 
last is exactly what would be expected by chance, if all the judgments were 
mere guesses, and thus shows total lack of discrimination with this degree of 
difficulty. In the touch condition with increments 20 and 14 (Columns K, L, M, 
N) 8 x made aa good a score as she did in the hearing condition. In the case of 
increment 9 Sitting IT (Column P) is markedly lower than Sitting I (Column 
O}, and the two together average somewhat lower than the score obtained with 
the same increment under the hearing condition. Increments 5 and 2 are also 
lower for touch than for hearing. With touch the record for increment 2 is even 
lower than that to be expected by pure chance: 

The horizontal row directly below the record of S 30 gives the sum of the 
various columns, 1.6. the number of correct judgments made by the group for the 
. various increments in Sittings I and II. Below this i is given the total number 
of correct judgments made by the group when the two g ittings are combined for 
each of the several increments. Thus, in the hearing con lition with increment 20 
the group made 1146 correct judgments out of & possible 200. Below this appear 
the averages. For example, in the hearing condition wit! .increment 20 the Ss on 


the average judged correctly in 38.2 of the 40 trials. Th ; last row gives this fact ` 


in terms of percent right; 38.2 correct judgments is 9,,.5% right of the total 
number of trials given with increment 20. 
Fig. 3-is plotted from the figures given in ds bottom row of Table 
II, showing the average score in percent right for each increment for 
all Ss. The abscissa gives the several increments in hundredths of a 
second, thus showing the different degrees of difficulty from the 
easiest at the extreme left to the hardest at the extreme right. The 
ordinate shows the score in percent right. The horizontal line indi- 
cates the conventional threshold of 75% correct judgments. 


Table III shows the practice effect between Sittings I and II as 


shown’ by group scores. . The score for the group, expressed in num- : 


ber of correct judgments, is given for each of the two sittings for the 


several increments. These figures are the game as those given in' 
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Table II, in the horizontal row labeled “Sum” directly. below the 
record of S 3o. The scores are also given in percent right, and the 
percent of increase of the second sitting over the first has been com- 
puted in each ease. The zotal score, when all increments are consid- 
ered together, expressed both in number of correct judgments and in 
percent right, is given for each sitting, and the percent of increase of 
the total score of the second sitting over the first. * In the same way 
the last horizontal row gives the group score when only the first three 
increments are used, expressed in number of correct judgments and 


in percentage. a 
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Tass III 


Practiog Erracr BurwmenN Sirenas I anp Il BHowN BY Grovur Scores 


Sitting I 
Increment Score. 95 right 
20 570 95 % 
I4 . 522 87 % 
9 45I 75-2% 
5 403 . 67.2% 
2 365 60.8% 
Total 2311 77.0390 
First 3 1543 85.72% 
Sitting I 
Increment Score %right 
20 521 86.8% 
14 50r 83.5% 
9 419 69.8% 
5 381 63.5% 
2 319 53-2% 
Total 2141 71.4% 
First 3 . 1441 80.05% 


"^ 
* 


NUMBER OF Ss 


Hearing 
Sitting I 
Score %right 
576: 96 % 
542 90.3% 
475 . 79.2% 
423 70.5% 
342 5 % 
2358 78.6% 
1593 88.5% 
Touch 
Sitting II 
Score % right 
546 91 % 
521 86.8% 
449 74.896 
391 65.2% 
322 53.790 


2229 — 74.396 
1516 84.22% 
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Sittinal.... 
Sitting — 


Increase of 


- H over I 


1.05% 
3-83% 
5.32% 
4.96%, 
—6.30% 


2.03% 
3.24% 


wf 


Increase of 
II over I 
4.7970 
3-99% 
7.1670 
2.62% 
-94% 


4-11% 
5.20% 
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Figs. 4 and 5 compare the distributions of scores in the two sit- 
tings. Fig. 4 gives for the hearing condition the frequency curves of 
Sitting I and Sitting. IT. The base-line gives the score in number of 
correct Judgments out of a possible roo. The vertical axis gives 
the number of Ss. The curves are plotted from the items in Columns 
A and B in Table I. Fig. 5 gives the corresponding data for the 
touch condition. It is plotted from the items in Columns E and F 
in Table I. 

TABLE IV 
FnmqusNOY TABLE SHOWING Tas DISTRIBUTION OF SCORES FOR THE BEYXRAL 
Dzanxzs oy DirFrCULTY 
Sitting I l ^ Sitting II 
Increment 20 I!4 9 5 2 20 I4 9 5 a 
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Fig. 6 also shows the praztice effect between sittings. It is plotted 
from the items given in Table III. The average score, in percent 
right, for the group is giver, for each increment, for each of the two 
sittings, for hearing and for touch. 

Table IV: presents the data in the form of a frequency table, 
showing the distribution of scores for the several degrees of difficulty 
for each of the two sittings. The figures at the top of the vertical 
columns indicate the increments from ao to 2. The column at the 
extreme left gives the score in number of correct judgments, from a 
perfect score of 20 at the top to the poorest score made, that of 5 in 
the ease of touch, at the bottom. The horizontal line indicates the ` 
conventional threshold of 75% correct judgments, which in this case 
is 15 of the 2o trials. The table should be read as follows: In the 
hearing condition, Sitting I, with increment 20, 17 Ss made a perfect 
score, 7.6. out of the 20 trials given with that increment each of these 
Ss made ao correct judgments. In the touch condition, Sitting I, 
with the same increment, only 5 Ss made a perfect score. In the 
hearing condition, Sitting I, with increment 2, 5 Ss had scores above 
the threshold, while in the touch condition there was one. 

Table V gives the amount of the practice effect between sittings 
in the case of each S, shown by increase in score-points of the second 
sitting over the first. When the score of the first sitting exceeds that 
of the second the difference in score-points is indicated by a negative 
number. Thus in the case of Sr the second sitting exceeded the first 
by 3 points in the hearing condition, but in the touch condition the 
score of the second sitting was 7 points below that of the first. 

Table V gives also a comparison between hearing and touch in 
terms of the number of score-points by which hearing exceeds touch. 
This is given in the case of each S for each sitting and for the average 
scores of the two sittings. In those cases in which touch is superior 
to hearing the difference in score-points is indicated by a negative 
number. Thus in the case of S 2 a comparison of the hearing and 
touch scores made at the first sitting shows that hearing exceeded 
touch by 3 score-points, but at the second sitting touch was superior 
to hearing by 3 score-points. e | 

Fig. 7 shows by means of a scatter diagram the amount of corre- 
lation between hearing nd touch. The scores used are the average 
of the two sittings, expressed in percent right. 
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TABLE V 


PRACTICE Errsor BETWEEN SITTINGS AND ÑUPERIORITY oF HEARING OVER 
Tovon SHOWN IN Scónz-Porwms ror Eacs 8. ` 
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Points Increase Sit. IT over T Pointa Hearing Exceeds Touch 
Hearing ‘Touch Sit. I Sit. II Av. 
I 2 — 7 o IO '5 
2 4 IO 3 — 3 o 
3: —9 4 II — 2 4.8 
4 5 IO IO $ 7.5 
;9 — 6 5 7 — 4 1.5 
6 ' | 7 8 12 II II.5 
7 — 8 II 16 — 3 6.5 
8 6 4 — 6 — 4 — 5 
9 6 — 4 I II 6 
IO — 9 I 7 — 3 2 
II I 6 4 esr 1.5 
12 ru 4 zm 5 
13 — I -7 18 24. 21 
14 I 6 8 3 5.5 
I5 — I II II — I ^5 
I6 4 6 I5 13 I4 
17 5 3 o a I 
18 — 4 4 6 — 2 2 
I9 7 — 9 — 4 I2 4. 
20 — 3 6 12 (08 | 7.8 
21 15 I — I 13 6 
22 2 0’ 6 3 
23 oc I2 ` I2 0 6 
24 — I 4 6 3 4. 
25 d — 9 9 9 
26 II IO — 3 — 2 -— 2. 
27 — 2 — 8 3 9 6 
28 5 4 6 7 6. 
29 IO I O 9 4. 
30 5 = I 9 5 
Summary: Summary: 
Hearing Average scores 
Sit. I exceeds Bit. II cs H exceeds T hes T 
: : in a i 164.5 score poin 
Bit. II : Bit. I i S. " T b H 2 &s " 
A 103 poin LE. 7.5 score poin 
Sit. I equals Bit. IT 8 H equals T a 
Touch Sitting I 
Sit. I exceeds Sit. Il 7 Ss .  H exceeds T 22 Sp 
» n " 43 paints n n E 184 score pointa 
Sit. II " sit I 2388 — . T ^ H 4 S8 
3 » » 131 pointa » » » 1 4 8core pointe 
Sit. I equals Sit. IT — o Ss H equals T 4. S8 
e Sitting IT 
H exceeds T 18 Ss 
OM » » 159 score points 
ied i H II SB : 
n n » 30 "pore points 
I 


INTERVAL DISCRIM-NATION BY FINGER-TIP AND EAR 37 





70 
Touca 


Fia. 7. SoATTERGRAM SHOWING ÁMOUNT OF CORRELATION BETWEEN TOUCH 
AND HnARING 


(Average Scores cf Percent Right, Sittings I and II) 


DISCUSSION or RESULTS 


How does touch compare with hearing when average group scores 
are taken as the basis of comparison? When the average from the two 
sittings is used as the score for each S and group scores are computed 
on this basis, it is clear that the. group showed a greater accuracy in 
' the discrimination of short intervals of time by ear than in the dis- 
crimination of the same intervals of time through the finger tip. 
The group mean for hearing is 77.82 correct judgments out of a 


possible: oo, with a P.E. of o.779 (see Table I), while for touch - 


the group mean is 72.83 + 0.694. The fact that the difference be- 
tween the means is slightly more than 4 times as great as its probable 
error, 4.99 + 1.04, indicates that this difference is a significant’ one. 
Fig. 2 shows this superiority of hearing over touch when total scores 
are considered. Fig. 3 shows that when scores for the s increments or 
5 degrees of difficulty are considered separately hearing exceeds touch 
in every instance. This superiority varies from 3.5% in the case of 
increment 14 to 6.57% ift the case of increment 20 (Table II). 


à 
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When scores for the two sittings are considered separately, prac- 
tice effect is found to be an important factor, a factor which raises 
doubt as to the validity of the tentative conclusion concerning the 
superiority of hearing over touch. Table III and Figs. 4,.5, and 6 ` 
reveal the increase of score of the second sitting over the first. For 
both hearing and touch the group scores for Sitting II are higher 
than those for Sitting I,.not only when total scores are considered, 
but also in the case of the scores for each of the 5 increments with 
one exception. The exception is found in the hearing condition with 
increment 2, where the first sitting exceeds the second (Table III and 
Fig. 6). Thus, when the group as a whole is considered, a measure 
of the “approximate physiological limit"! was not obtained in the 
first sitting. 

Of greater interest in its bearing upon ihe comparison between 
the two senses is the fact that the practice effect is greater for touch 
than for hearing. In the case of touch the score of the second sitting 
shows an increase of 4.11% over that of the first (Table IIT); in the 
case of hearing there is an increase of 2:03%. These figures are based 
upon total scores. When increments 5 and 2 are eliminated from the 
score, on the argument that with both touch and hearing these are 
well below the threshold (see Fig. 6), the practice effect for touch 
holds nearly the same relation to that for hearing as it does when total 
scores are considered. The average percent of increase of Sitting II 
_ over Sitting I in the hearing condition when the first 3 increments 
are used to make up the score is 3.24%; in we eee of touch it is 
5.20% (Table IIT). 

When individual scores are studied instead of group averages it 
is found that in the hearing condition 17 of the 30 Ss improved in the 
second sitting; 12 showed a lowering of score and 1 remained the 
same (see Table V). In the touch condition 23 Ss improved in the 
second sitting and 7 showed a.drop in score. This suggests that the 
greater practice effect of the group score for touch as compared to 
hearing is the result, not of a few scores of large variation, but of the 
fact that a larger number of Ss failed to reach the “approximate 
physiological limit" in the first sitting than was the case in the hear- 
ing condition. ". 

In the first sitting 22 of the 30 Ss made better scores by hearing 
than by touch (see Table V). These 22 Ssfas a group, made in the 


HSeashore, The Psychology of Musical Talent, 5t. 
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hearing condition-a score which exceeded by 184 correct judgments 
the score which they made in the touch condition. Four Ss made in 
the touch condition a score which exceeded by 14 correct judgments 
the score which they made in the hearing condition. The 4 remaining 
Ss scored equally under the two conditions. In the second sitting 18 
of the 30 Ss showed superiority in hearing. These 18 Ss, as a group, 
made in the hearing condizion a score which exceeded by 159 correct 
judgments the score which they made by touch. Eleven Ss made in 
the touch condition a score which exceeded by 30 correct judgments 
the score which they made by hearing, and one S scored equally 
under the two conditions. Thus, in the second sitting the superiority 
of hearing over touch is less both in number of score points and in 
number of subjects than is the case in the first sitting. 


. Seashore states that ordinarily 200 judgments from an S, that is, the score 
when both sides of the phonograph record are presented twice, will give a 
reasonable reliability,“ or, in other words, will give the “approximate physiologi- 
cal limit.” His statement, af course, is based upon judgments made by Ss 
tested by hearing in the usual way. In the present experiment the presentation 
of stimuli in the hearing concition through the vibrating diaphragm of the re- 
ceiver is perhaps less favorab.e than the usual method of presentation directly 
from the phonograph. Such factors as the ‘background’ noise and the greater 
novelty of the situation may tend to raise the threshold, at least during the early 
part of the experiment. If sich is the case it is likely that the “approximate 
physiological limit" will not 5e reached within the 200 judgments. However, 
when the scores of the 30 S8,ir. the hearing condition, using the average of the two 
sittings, are compared with tte Seashore norma it is found that the distribution 
is but slightly lower than that of the norms. Seven Ss rank below the 25th 
percentile, 10 between the 25th and 50th, 5 between the soth and 75th, and 8 
above the 75th. 

In the case of touch it is even more likely that 200 judgments are insufficient. 
The situation is more novel, tke set-up more complicated. S starts the experiment 
with a greater background of experience in judging time intervals by ear than in 
judging by finger-tip. The curious vibratory sensation experienced when the 
thumb is in contact with the diaphragm, tke sound-proof box, the distracting 
electric buzzer, may all tend to raise the threshold to a greater degree than do 
the less distracting factors of the hearing condition. The greater practice effect 
found for touch may be explained on these grounds. It is conceivable that the 
. superiority of hearing over touch may be explained on the same grounds. 

In view of these facts one must conclude that while within the 
limits of this experiment the discrimination of short intervals of time 


by hearing is more accurate than by touch, the evidence is insufficient 


to state that the duirerence is a significent one. Further experimenta- 


14Seashore, Manual, etg., 10, 
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tion is needed to determine whether or not with sufficient practice 
the ability to discriminate shcrt intervals of time by touch may more 
nearly approach in accuracy the ability to discriminate the same by 
hearing, or even equal or exceed it. 

How small an interval of time can be distinguished by touch? 
How does touch compare with hearing in this respect? Fig. 3 shows 
that when average group scores are the basis of comparison, incre- 
ment 9 is below the conventional 75% threshold in the touch condi- 
tion, but above the threshold in the hearing condition. In the touch 
condition, when the S must discriminate between the standard 1-sec. 
interval and an interval of 1.09 sec., the group as a whole judged 
correctly in 72.33% of the trials; in the hearing condition in 77.12% 
of the trials (Table II). For both touch and hearing increments 5 
and 2 are well below the threshold. When the two sittings are 
considered separately it is found that the group score for increment 9 
in the second sitting of the touch condition is only 0.4 of 1% below 
the group score for the same increment in the first sitting of the hear- 
ing condition, (Table III and Fig. 6). The former is barely below 
the threshold, the latter barely above it. It is probable that with 
added practice the score for touch for increment 9 would rise above 
the threshold. | | 

Table IV gives further information concerning the-thresholda.' In the hearing 
condition with increment 9, in the first sitting 20 Ss scored above the threshold; 
in the second sitting there were 2i, a gain of only one S. In the touch condition 
with the same increment 14 Ss scored above the threshold in the first sitting and 
I8 in the second, a gain of 4 Ss. In the case of increment 5 in the hearing con- 
dition, 4 more Ss scored above the threshold in the second sitting than in the 
first; in the touch condition there was a gain of 3 Ss. In the case of increment 2 
under both the hearing and touch conditions fewer Ss scored above the threshold 
in the second sitting than in the first. From these figures the two conditions may 
be compared on the basis of individual scores rather than group averages. They 
show that for both touch and hearing in the case of increment 2 there is almost 
total lack of discrimination, and that the degree of practice given within the 
limits of this experiment does not improve the score; that in the case of increment 
5 discrimination improves with practice and the very alight difference between 
the two conditions is in favor of hearing; that in the case of increment 9 touch 
gains more with practice than does hearing and in the second sitting very nearly. 
equals the record of hearing in the first sitting. These facts bear out the com- 
parison made on the $asis of group scores as shown in Fig. 6. 


Does the S who scores high in hearing also score high in touch? 
The seattergram, Fig. 7, shows the degree of dorrelation between the 
two conditions, using the average scores for the two sittings. Be- 
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cause there were only 3o Ss the n was not computed. There were no 
Ss who scored markedly high in touch and low in hearing. In 4 
eages the hearing score exceeded by ro points or more the score made 
by touch; the difference was greatest in the case of S 13, who ranked 
highest in the group in hearing with a score of 89.5 and only sixth 
in touch with & score of 68.5. It is of interest that S 13 is the only 
one of the group who had served repeatedly in work with ihe tele- 
tactor prior to the present experiment. His record is perhaps an 
argument against the suggestion, made above, that the greater 
novelty of the touch condition might explain the inferiority of 
touch when eompared with hearing. 


SUPPLEMENTARY EXPERIMENT 


The problem of controlling the factor of intensity for the two conditions, 
touch and hearing, has been discussed above. Reasons have been given for the 
choice of method, that of allowing each S to select in the preliminary practice 
. period that degree of amplification which seemed optimal to him for touch and 
hearing respectively. All Ss chose a higher amplification for touch than for 
hearing." As explained above, this does not necessarily mean a more intense 
stimulus, for.the reduction of the amplitude of vibration, by the pressure of the 
thumb upon the diaphragm, lowers the intensity in the touch condition. The 
criticism may be raised, however, that the added amplification for touch may 
have more than compensated for the deadening effect of the thumb. In this case 
touch would have had an advantage in the comparison. This might conceivably 
explain why the superiority of hearing over touch in the judgment of intervala of 
time was as small as the results show. With this question in mind a supplementary 
experiment was undertaken, whose purpose was to discover the effect of changes 
of intensity of the stimulus upon the ability to discriminate short intervals of 
time through the finger tip. 

Procedure. Three Ss, graduate students in psychology, who had not served in 
the previous experiment, were presented with stimuli from the phonograph 
record under 3 different degrees of amplification, Amplifications I,2,and3. The 
apparatus and general procedure was the same as in the previous experiment. 
The amplification used was not known to S. It was raised or lowered by E ac- 
cording to & prearranged order after every 5 or 10 trials. 

In the previous experiment there had been some indication of serial learning: 
a few Ss reported that in the second sitting they could remember the order of 
occurrence of the ‘Longers’ and 'Shortere' in some parts of the record, at the be- 
ginning of a new column especially. To prevent this possibility in the supple- 
mentary experiment the stimuli were presented in a mixed order. To present 
all stimuli under all three degrees of amplification it was necessary to repeat three 
times. This would have given an even greater opportunity for serial learning 
than that present in the earlier work, if the same order had been used throughout. 
By means of the switch between the phonograph and the amplifier any part of 
the record could be cut out pr presented to the subject at will. The record was 
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run from beginning to.end without pause; E with ear close to the needle was able 
to count each group of clicks as it appeared and cut out any parte desired. The 
omitted parts were presented to S.at a later time. 

The entire A-side of the record was used and the last 19 trials of the B-side. 
This included all trials with increments 20, 14 and 9. ‘The key to the order of 
presentation is as follows: 


I Hc IVO V 











I 
Aaz Aal Aa3 
Abr Aba l Aba 
Ba 3 Bal Baa 
Bb2 Bbi ` Bb3 
Caz. Caz . Cal 
OC b 1 Cb3 Cba 
Daa Da3 D & I 
D b 3 iDba ^. . D br 
E ail Es22 E a 3 
E b 3 Ebr Eba2 
Ja2 Jal J a3 
J bi Jb3 Jb 2 


` The Roman numerals at the top of the vertical columns indicate the successive 
presentations of the entire record. The capital letters indicate the vertical columns 
in the key to the records given in the preceding experiment.. The small letters 
indicate the first or second half of a column. The Arabic numerals indicate the 
degree of amplification. Thus, in the first presentation of the record (Column I) 
S was given all trials in the natural order of the record without cutting out any 
parts. The first 5 trials of Column A were given under Amplification 2; this was 


followed by the second 5 trials of the same column with Amplification 1. In the . 


second presentation of the record (Column II), the first 5 trials of Column A 
were omitted; the first stimuli received by S were those of the second half of 
Column A, given under Amplification 3. This was followed by the first 5 trials of 
Column B; the second 5 of this column were omitted, ete. By this method 60 
trials, 20 for each of 3 increments, were given for each of 3 different degrees of 


amplification, in a mixed order which made serial learning highly improbable. ` 


The Ss recorded their judgments in continuous order, not knowing in which col- 
umn they belonged. Each S served for two sittings. The first sitting included 2 
presentations of the record, with 60 trials on the first and 30 on the second (Col- 
umns I and II in the key). The second sitting included 3 presentations of the 
record with 30 trials on each (Columns III, IV, and V). 


Presentation of data. The records of the three SB are summarized below. 


‘Amplification 1 Amplification 2 Asso nedtion 3 

S Errors® % error ` Errors % Error Errors % error 
31. IO 16.6 IO 16.6 ` I6 26.6 - 
' 32. . .22 36.6 20 33-4 I4 23.3 


33. 12 20 i 9 I5 4 6.6 


- fe mnes 
ERO —— —— o án 
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Interpretation of data. The records of Ss 32 and 33 suggest that increase in 
amplification brings an increase in accuracy of judgment. In both cases the lowest 
intensity gave the lowest score, and the highest intensity gave the best score. 
The record of S 31, however, shows the reverse. The poorest score was made 
with the highest intensity, while Amplifications 1 and 2 gave equally good results. 
It is of interest that the objective performance of each S corresponded to his sub- 
jective estimate. S 31 reported that in Amplification 3 the ‘background’ vibra- 
tions confused the issue and made judgment more difficult than in the case of the 
lower intensities. S 33 felt sure his judgments were most accurate with the 
highest intensity. S 32 reported that while the ‘background’ vibrations were 
very marked in Amplification 3 she felt that her judgments were more accurate 
than with the lowest intensity; she was unable to decide whether Amplification 
2-or 3 appeared optimal. 

One cannot base sweeping conclusions upon the records of three Ss, but the 
data at hand would seem to justify the method adopted in the preceding experi- 
ment, that of allowing each S to choose the degree of amplification which ap- 
peared best for him individually. The influence of intensity appears to be a 
matter of individual differences. In this case the use of a higher amplification 
for touch, assuming that this involves a higher intensity of stimulation, and that 
the higher amplification more than compensated for the deadening effect of the 
thumb, would not mean for all Ss an advantage for touch in comparison with 
hearing. 


THE CORRELATION OF INTELLIGENCE SCORES AND 
CHRONOLOGICAL AGE FROM EARLY TO LATE MATURITY 


By CarmaniE Cox Mues and Waurzs R. Miwa, Stanford University 


The high correlation between intelligence age &nd chronological 
age during childhood and youth is a well-demonstrated fact. In- 
telligence scores or mental age norms based on the results of ade- 
quately validated tests are available for each year, often for each 
month of each year from the period of school entrance up to ‘adult- 
hood. Adult levels are further differentiated into ‘average’ and 
‘superior’ or even into IQ or corrected IQ ratios as in the Stanford- 
Binet test; into ‘intelligence ratings’ A, B, C, D, with their plus and 
minus subdivisions, as in the Army Alpha tests; into ‘brightness 
indices’ or derived IQ, as in the Otis group tests; or into percentiles 
of adult performance, as in the Otis tests, the National Tests, and the 
Thorndike Intelligence Examination for High School Graduates. 
Studies of intelligence have for the most part been made on the more 
available people: school children, college students, or comparatively 
young adult groups, such as institutional groups or the draft army 
and its sub-groups. Studies of occupational groups, drawn generally 
from younger adult populations, sometimes include intelligence 
ratings, but only very rarely is it possible to discover the age ranges 
or age means for these groups. Comparatively little has been re- 
ported concerning the intelligence of older adults. In test standardiza- 
tion a plateau of ability ‘adult intelligencé’ is generally assumed . 
extending onward from the high point reached somewhere between 
the ages of 13 and 20 years. 


A number of writers have discussed the probable course of the inuicem 
score curve in adulthood.! Investigations have been published with dai based 


* Accepted for publication September 7, 1931. 
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on special groups which showed (1) & slight decline in score by the fiftieth year, 
(2) a large decline at or after three score years and ten? But by reason of the 
select character of these groups the investigators have hesitated on the basis of 
their findings to point a general intelligence decline of the total population from 
early maturity onward. Examination of ‘normal adults’ by the Stanford-Binet 
or the Point Scale technics has led examiners to question whether the often sur- 
prisingly low scores,* especially in the later decades, are representative of the adult 
maximum mental age of the individuals in question, i.e. whether in many cases 
where specific ‘mental deterioration’ is by no means to be diagnosed, individuals 
score lower on intelligence testa in later life than they once did. 

The studies of the intelligence scores of adults who, by chance or on the basis 
of careful selection, more or less represent the normal population give certain 
indications as to the probable form of the intelligence curve from the age of 20 
to so years,® and it is doubtless on the basis of such results as these that hypo- 
thetical curves of intelligence have been drawn. Studies of atypical groups 
(prisoners, psychotics, general hospital and old people’s home inmates) giving 
intelligence scores for these special populations in advanced age include the 7th, 
8th, and gth decades. The studies of the normal groups indicate either that up 
to the age of 50 yeara intelligence declines slightly from a maximum in the early 
‘twenties’ or at least that it does not rise after such a maximum. The studies cf 
the atypical groups inditate that among these less favored individuals a steady 
and considerable decline is registered from the age of 50 to 90 years, but the scores 
at all ages for the populations from which these individuals are drawn indicate 
that the individuala in question were always mentally inferior. For example, 
the average mental age of both Mursell’s and Foster and Taylor’s subjects in the 
‘fifties’ is below 11 yrs. 6 mos. 

The coefficients of correlation between score and age that we have found m 
mE M ace ea es le I5 to 50. 


Mer: most extensive of these are perhaps the follo : R. M. Fa Psycho- 
P XIV. M Vt the United States Army, Memoirs at. Acad. Set., 15, 1921, 
chap. XIV Cobb and R. M. Yerkes, Intellectual and educational status 
e medical profession as represented in the United States Army, Bull. Net. 
M Council, 1, 1919-1921, 457-532; Alonzo E. Grace, The mental ability of adults 
as related to interests, n and activities, Hightteth Annual, Report Cleveland 
Board o d oj Kau, Div. Adult Educ., 19 1°. 
Foster and G. A. Taylor, e applicability of mental testa to 
over ‘itty years of age, J. Appl. Psychol. 4, 1920) 39- 39°58; M. M. F. Beeson, Intelli gence 
at senescence, bid., 4, 1920, 219-2345 G. Decrease in intelligence with 
increase in age among inmates of penal institutions, J. Juv. Res., 13, 1929, 197- 
200 dE TAS e applicability of Binet-Simon tests in psyo ones of the 
Med. J., 101, 1 D» ite ths 
i Peasy and L. W. odia e present psychological scales reliable: 
for ré examination of adults? sychol., 1 Age o2 ff. R. M. 
Yerkes and J. C. Foster, A Point Scale for Measuring ental Ability, 1923, de ft. 
‘Tmportant data have been dnce | Harold E Ed one Aegan b 
dike et al., op. cit., and in an unpublish s per 
formance on the Army Alpha as a function of age, Colum LU xS te 1927. 
give a score curve for a carefully selected representative New England population, 
ages.12 to 55. But the qupstion has been raised by the inv tors as to the 
consistenti nd representative charaeter of the groups in the later ecades studied. 
(See Haiao’s discusion.) The other principal sources are enumerated in note 2. 
*Pintner, op. cit., 86; Moss, op. ctt., 159. 
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They range from —o.o11 to —0.35. The coefficients (not reported) for Mursell’s 
prisoners and for Foster and "Taylor's general hospital patients, covering as they 
do a far wider range, would probably be larger than any of these. From the slope 
of the two curves we estimate them to be between —0.40 and —0.50. But, as 
the authors point out, neither of these populations can be thought of as repre- 
sentative of the general population and both are made up of individuals mentally 
inferior at their best. The extent to which the trend exhibited by these atypical 
groups, as well as by the normal populations referred to, is characteristic of other 
groups, especially representative normal populations, will in part appear in our 
further discussion. 

Plan of present study. In the following pages, tables and curves are presented 
and described which indicate the trend from childhood to old age of intelligence 
scores in samplings from the populations of two American towns. In order to 
find the relation between age and intelligence score throughout the life span, and 
especially in maturity, the intelligence was measured of persons from every decade 
and semi-decade beginning with the ‘teen’ age and continuing to senescence. 

An effort was made to secure a sampling of the literate citizens in each of the 
two towns that would (1) present sufficiently large numbers at each age decade 
and semi-decade for statistical reliability and that would (2) be homogeneous in 
general mental character from age to age. Conclusive evidence regarding the 
relation of age to intelligence test score will, of course, not be available until 
scores have been obtained year after year from childhood until old age from the 
same members of large representative populations. In the meantime, if as far 
as possible the older, the middle aged and the younger members of the same 
social groups can be tested in sufficient numbers and selected in sufficient numbers 
at each point on the age scale a substitute comparison of some value can be made. 
The present study is an attempt in this direction. To what extent the trend in 
the populations examined is characteristic of the expected trend in a representa- 
tive ‘general population’ will be indicated as far as possible by an analysis of the 
characteristics of the particular groups investigated. 

Subjects. The results presented are based on the scores of 823 Ss from two 
cities, A and B. In City A (a manufacturing, industrial, and banking town, 
population about 12,000, situated in an agricultural community, the capitol of 
ita county) usable intelligence tests score were obtained from 122 adults (36 male, 
86 female) ages 50 to 90. The distributions by age in semi-decades are given in 
Table I. In City B (a residential and banking town, population about 15,000, 
. also situated in an agricultural region, the seat of several private achools and near 
& university) usable scores were obtained from 134 children and youths (48 male 
and 86 female), ages 7 to 19 inclusive, and from 567 young adults and adulte 
(249 male and 318 female), ages 20 to 94 inclusive (ef. Table I.) The method of 
securing the Ss is described elsewhere.’ 

Test instrument. The test used was a specially printed form in jr type 
(12-pt. Antique) of the first 60 items in the Otis Self-Administering Test of 
Intelligence, Higher Examination Form A given as a rs-min. test. We have 


™W. R. Miles, Correlation of reaction and coordination speed with age in 
adults, this JOURNAL, 43, 1 1931, 1380: note 13. 

©. C. Miles, The her Examination as a fifteen-minute intel- 
ligence test, Personnel J., 10, | wie press). e . ib 
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found that scores on Form A with a 15-min. limit correlate +-0.86 +.02 with scores 
on the same form used as a 30 min. test in the limited range of superior ability 
represented by 121 university students. Fifteen-minute scores of the same stu- 
dents correlate --0.902-.01 with their 20-min. scores on the same test. Fifteen- 
minute scores of 394 eighth grade pupils correlate ++0.971-+.003 with their 20- 
min. scores. The scores for split halves of the 15-min. test correlate 4-0.96 +.005 
for the university students. The 15-min. scores of 55 university students corre- 
late +-0.71-b.05 with their scores on the Thorndike Intelligence Examination for 
High School Students? 


TABLE I 


DISTRIBUTION BY Suwr-DecApE Aam PERIODS OF 823 PERSONS SCORED ON THE 
Orme S-A 15-urN. Tast 


Age Periods City A City B Total 

5-9 — à 20 20 
IO-14 ud -63 63 
15-19 — 5I SI 
20-24 — 40 40 
28-29 LI 38 38 
30-34 pe 45 45 
35-39 = 45 45 
40-44. e 47 47 
45-49 ' Ez 43 43 
50-54. 17 59 76 
95-59 25 58 83 
60-64 24 90 74 
65-69 25 52 77 
70-74 20 44 64 
75°79 5 27 32 
80-84 25 I3 I8 
85-89 I 5 d 6 
90-94 Pk I I 
Total 122 . 701 823 


ach test was given individually and the time measured by stopwatch.!? 
The group of 823 persons whose scores have been found usable worked for exactly 
IS min. each. Of these, 4 persons finished the test, having tried all 60 items. 


"Ihe Thorndike test was chosen as a means of testing the validity of scores 
based on & 15-min. test because it is “clearly a test of superior intellect and (is) 
p the most discriminative which we now possess." Cf. H. E. Garrett, 
e relation of tests of memory and learning to each other and to general in- 
telligence i in a highly selected adult group, J. Educ. Psychol., 19, 1928, 601-613. 
VIn all cases where overtime performance occurred (22 , AV. age 54.3 FT., 
ee rata 15-min. score 28), 2 where the i Mas for any reason whatever was 

le (defective vision 13 cases) or unwilling (cause not stated, 3 cases) to b 
or to continue at work for xg d e full 15 min. the test blank was discarded and the 
resulta &re not included in study. The results for 5 other individuals had to 
be omitted because the age or sex had not been noted. A total of 33 cases ware 

thus discarded out of 856 en&ered on our lists. — . 


+ 
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. The score used is the number of correct responses. We have prepared a table 
for transmuting 15-min. scores into 20-min. scores". (Otis has already provided 
& 20 to 30 min. transmutation table), and on the basis of the 30-min. scores we 
have made use of the corresponding mental ages, percentiles, intelligence quo- 
tients, and Army Alpha scores given by Otis. An arrangement of these equiva- 
lenta with interpolated values added is given as Table II. 


TABLE II 


OBTAINED 15 MIN. ScogES on Oris’ S-A HIGHER EXAMINATION WITH ESTIMATED 
EQUIVALENTS FOR OTIB 20- AND 30-MIN. ScongEsS, Orts MaNTAL j 
AGES AND PERCHNTILES, AND ALPHA Scores 7 


Otis S-A Otis S-A Otis R-A Otis 


Ig-min.  20-min. 30-min. Mental Otis Otis — Alpha 
score score score Age’ . IQ Percentile score 
6 6 7 8-11 65 0.2 7 

8 8 IO 9-7 68 0.4 TO 
IO . I0 . 13 — I0-2 71 0.7 15 
12 13 17 10-10 © 75 2 20 
14 16 20 II-5 78 4 25 
16 18 23 12-0 8t 5 30 
18 ‘20 26 12-6 84. 8 — 36 
20 . 22 29 13-0 87 12 46 
22 25 32 13-7 90 20 56 
a4 27 35 14-2 93: 28 64 
26 29 38 14-8 | 96 36 72 
28 32 41 : 15-2 99 45 80 
30 "34 44 ' I5-8 I02 56 | 88 
32 36: (47 16-2 105 68 98 
. 24 39 50 . 16-6 108 76 108 
36 41 53 16-11 IIO 81 116 
38 44 | 56 17-3 113 87 125 
40 46 59 17-8 116 . QI 136 
42 49 62 . 1&0 , 1 95 148 
44 — 52 64 18-3 122 97 160 


Procedure. The Otis 15-min. test was administered as part of a program of 
psychological experiments designed to investigate the mental abilities and 
capacities of normal persons in youth and maturity. The fact that this partioular 


~ 


test was intended to measure ‘intelligence’ was not stressed. In our special 


printing (4-page booklet) of the first 60 items of the Otis S-À, Form A, in large 
type the word ‘intelligence’ was omitted from the title?  . . 
Every S was tested separately. Seated comfortably: at a table, with good 
light, and in a quiet room S was given a copy of the test and several sharp pencils. 
He read the first page which begins as follows: 0 


uC, C. Miles, op. cit. 
"By kind permission of the World Book Co. e 
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Read thia page. dria apa Laer Do not open this paper, or turn it 
over, until you are told to do so. these blanks, giving the date, your name, 
and age. Write plainly. ' 


Then follow spaces for name, age, the date of testing. (The ages were later 
verified by comparison with birthdays given in another connection.) It had al- 
ready been explained in every case that all information, as far as it referred to 
individuals, was strictly confidential. The study was announced as an investiga- 
tion of the relation between age and aptitudes, and as the services of the Ss were 
paid for on the basis of age, it was understood previous to registering for the 
appointment that this item was to be furnished. Practically no difficulty was en- 
countered in conducting the examination. 

Below the blank spaces appeared this paragraph: 

Questions of different kinds are to be read and answered. Four samples are 
given. Here is a sample question already answered correctly. Notice how the 
question is answered. . 


Detailed instructions make up the remainder of the printed matter on the face 
of the booklet. These include samples of all the types of items in the test with 
clear and complete specifications for and practice in filling the blanks in each case. 
The concluding paragraph reads: 


There ie a total of 60 questions. You are not expected to be able to answer all 
of them, but do the best you can. You will work for 15 minutes after the ai 
to begin. Try to get as many right as possible. Be careful not to go so fast that 
you make mistakes. Do not spend too much time on any one question. If you 
can’t Et it go on to the next question. Don’t ask questions until you have 
finished. Write answers plainly, make all letters like printed capitals. Do not turn 
thts page until you are told to begin. 

As soon as the examiner observed that the subject had finished reading this 
page, she said quietly and pleasantly: “Turn the page and answer the questions 
beginning with number one.” Nothing was said about speed or accuracy, al- 
though the instructions are explicit in regard to the desirability of both these 
points. It seems indicative of the friendly rapport which was noteworthy through- 
out the entire investigation that only 3 persons out of 856 refused to perform the 
task in question. 

The timing was done inconspicuously and without the knowledge of the S. 
At the close of just 15 min. from turning the page to item 1 the examiner returned 
and said: ‘That will be enough on this exercise, now I want you to come into the 
other room with me to see something new.” She took note of the exact point 
(except in the 22 cases discarded on this account) which the S had reached at 
I5-min. as there were often individuals, especially among the older ages, who 
wished to continue on the item then under consideration until it was either solved 
to their satisfaction or given up. Some complimentary or friendly remark was 
usually added as S was guided into another room for the next part of the experi- 
mental program.. 

We lay stress on the matter of procedure in this study because of the difficulty 
which we and othera have encountered with adult Ss in administering ‘intel- 


This confidence has bees carefully guarded. 
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ligence' tests.4 The willing codperation secured in the present investigation was 
due to many factors, of which we wish especially to note here the codperative 
interest of the club and other organization chairmen and the church officials. 
These people secured the aid of their members in “a codperative study” and at all 
points in the investigation the Ss gave evidence of an attitude of willing aid in 
& joint community inquiry. 
RESULTS 

The mean scores for decades and semi-decades in the populations 
of the two cities appear in Tables III-VI inclusive. Fig. r gives 
the unsmoothed intelligence score curves based on the means for the 
5- and 1o-yr. periods. The scores from. City B extend from the 
earliest age testable by this type of examination throughout the life 
span. Those from City A extend only through later maturity, from 
5o to 9o yrs. of age. ` 

For discussion we have divided the curve into three somewhat 
arbitrarily selected periods: (1) The period of growth, from 7 or 8 
to 18 or 19 yr.; (2) the period of early maturity, from 20 to 49 yr.; 
and (3) the period of later maturity, from 5o to 89 yr. It is not 
always possible to conduct the discussion strictly within the limits of 
this classification, but we have done so as far as was practicable. 
The results for these periods are presented in sequence. ! 


Childhood and youth. 'The period of growth extends here to the 


age of 18.yr. The correlation between age and score from the earliest: 


age tested until the maximum mean score is reached for this popula- 
tion (ages 7 to 17 yr. inclusive) is +0.80 +:023. This coefficient 
indicates the usual amount of agreement between score and age ex- 
pected in groups of this size for the period in question and the score 
scatter shows no special selection of more or less superior individuals 
in one age as compared to another.^ The degree of brightness in 


the younger group and the homogeneity of mental talent for the . 
early period is found in a comparison of the IQ at successive age | 


levels, and in & comparison of the average scores (using 3o-min. 
equivalents) with Otis’ norms for the ages in question. For this 
comparison we have combined the scores for the ages up to x9 yr. 
into 2-yr. periods (see Table VII) and have discarded. those periods 


“The ead ging E a number of other investigators on this point have been 


summed up by H Conrad, The measurement of adult in eee and the 
requisites of a general intelligence my) si J. Soc. Psychol., 2, 
ls 


1931, 
“Scores on examination A (Arm Soon -+970 wi with th TUR ile chronological ‘ 


of 1,162 California school pupils, to 16 = Scores correla uM 
with school grade and +0.82 to +0.87 Fee penu lar age. 
Yerkes, op. cH., 333-334.) 


MT m m tn 


INTELLIGENCE SCORES AND AGE 5I 


Mus priui 
tore poem cuts 


SE pn ae 
Pe ae LC. 





Fig. 1, Tum MBAN INTELLIGENCE Scores PLOTTED BY DECADES AND Nnm- 
DECADES FOR THE POPULATIONS OVER 12 YBAR8S OF AGH STUDIED IN Two Crrigs 
WITH ResuLTS FOR Boru Sexes COMBINED. * 


. Initial rise during the period of growth shows Pearson r, 4-o. 80. Decline from 
early to Idte maturity, r, —0.30 and —0.39. ` 
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(below age 11) which contained less than 15 cases. This neglects 26 
cases ages 7 to xo yr. inclusive. In the combined age groups of 11 
and r2 yr., 13 and 14 yr., ete. are included children ranging in age 
from 1r yr. o mo. tO 12 yr. II MO., Or 13 yr. o mo. to 14 yr. 11 mo. 
We have therefore assumed that the average ages in the respective 
groups are 12 years o months, 14 years o months, etc., and have 
compared the mean scores transmuted into 30-min. scores with the 
Otis norms for these ages.. 


18 50-54 30.94 8.92 45.5  I5'IO “104 60 92 
25 55-59 22.86 10.16 2:16 33.3 1310 O91 -23 60 
24 60-64 22.18 6.82 ode 440 137 90 20 56 
25 -65-69 19.10 9.4 ES 27.5 1210 86 | 12 43 
20 70-74 21.30 10.24 i 31.0 135 89 18 56 
5 75-79 16.90 8.08 GAO 24.4 122 82 6 33 
6 80-84 15.82 10:28 23.0 1270 8r 5 30 
I 85-89 5.50 6.0 8'1 64. 0.2 6 
TABLE IV 
Oris S-A INTELLIGENCE Sconss BY DBOADES AND BY 20-yR. PERIODS OF 124 
ADULTS, Boru Sexes, FROM Crry A i 
Otis 15-min. S-A Scores Equivalent Measures 
Otis Otis - 
No. ; 30-min. Otis Otis Per- Army 
Cases: Period Mean c  D/edif. score MA, IQ centile Alpha 
43 50-59 26.2 10.6 355 38.1 14°8 96 37 73 i 
20.6 .8 29. 13' 88 16 
49 60-69 I. 84 9.9 133 54 
25 70-79 20.4 9.7 I.55 29.7 ,132 87 I5 93 
7; 80-89 14.5 10.0 ‘ 21.0 116 79 4 27 
92 5069 23.3 10.5 1.98 33.2 140 91 25 60 
32 70-89  I19.I 10.2 28.0 I2710 86° II 44 


TABLE TL 


Ors S-A IwrRLLIGENOE Scorgs, BY Smao-Decapus, OF 124 ADULTS, 
Bors Sexes, From Crry A 


Oris 15-min. S-A Scores 


Otis 


Equivalent Measures 


Otis 


30-min. Otis Otis Pe- Army 
D/e diff. score MA 


IQ centile Alpha 


The mental age equivalents for the three age levels, x2, 14, and 
16 yr., are respectively 14°8, 16'2, and 17°4 yr. They show gains 
of something over a year for each 2-yr. period. The peak of ability 
is reached in the fourth 2-yr. group (see Fable VII). This group 
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TABLE V 
Oris S-A INTELIJGENCE Sconxs, BY Seui-Decapss, oy 617 Aputts, Bora SEXES, 
FROM CrryB ` 
Otis 15-min. S-A Scores Equivalent Measures 
Otis Otis 
No. Semi- 30-min, Otis Otis Per- Army 
Cases decades Means c D/e diff. score MA IQ centile Alpha 
51 15-19 38.50 8.04 0.25 57.0 175 114 88 126 
40 20-24 38.10 7.04 0.66 56.0 173  IIj 87 125 
40 25-29 39.22 8.20 : 94 56.9 174 115 89 131 
43 .30-34 35.26 10.32 0.09 50.8 168 109 77 IIO 
44 35-39 35.06 8.44 0.59 50.0 167 108 76 108 
48 40-44 33.82 11.36 —0.29 R 48.8 165 107 73 104 
42 4549 34.50 11.04 | gh 50.5 1666 109 77 109 
63 50-54 30.98 11.64 r.41 45.5 IS II 104 62 92 
86 55°59 28.74 9.04 o al 42.0 154 100 50 83 
50 60-64 27.94 I1.16 1.87 41.0 I5I 99 45 80 


26 75-79 20.46 8.56 a 29.8 130 88 IS 54 

I3 80-84 14.50 9.40 — 016 20.8  11'6 79 4 26 

5 85-89 15.30 9.60 22.0 1110 80 5 28 

I 90-94 15.50 o 22.2 III 80 5 23 
TABLE VI 


ig S-A IwrnnLiGENCE CORES, BY DECADES, AND BY 20-YR. PERIODS OF 616 
ADULTS, Borg SuzxEs, From Crry B 


Otis 15-min. S-A Scores Equivalent Measures 
. Otis Otis 
No. 30-min. Otis Otis Per- Army 
Cases Period Mean c D/c diff. score MA IQ centile Alpha 
51  I5-19 38.5 8.0 55.9 173  I14 88 126 


56.0  I73  IYI4 88 126 


87 30-39 35.1 9.6 $ 50.6 168 0109 77 108 
90 40-49 34.2 9.2 pu 50.0 166 108 76 108 
II9 50-59 29.9 . 9.7 2.86 44.0 158 102 56 88 
I03 60-69 26.1 10.6 2.08 38.0  14'8 96 37 72 
68 70-79 23.1 8.7 3.54 33.5 1311 92 24 ' 61 
I8 80-89 14.7 9.3 i 21.0 II7, 79 4 26 
I31 15-29 38.6 7.9 g 55.9 173 II4 ‘$8 126 
177 30-49 34.7 10.4 : : 50.0 166 108 76 108 
222 50-69 28.1 I0.4 i 41.0 152 99 46 30 
86 70-89 20.9 $0.2 3.48 30.5 134 . 88 17 35 
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(18 yr.) shows a gain of only one month (17'5) over the 16-yr. level. 
"The high mental ages of all four groups (as compared to their chron- 
ological ages) show that the populations tested are above average. 
How much above is indicated, or at least suggested, by the equiv- 
alent Otis IQ of 115, x15, 117, 115.1! 

During the period of growth we are then dealing with a superior 
and homogeneous population whose Otis IQ approximates 115 and 
whose mental development follows the usual upward trend in score 
expressed. in the coefficient -+0.80 +.023. 


TABLE VII 


Orgs S-A INTELLIGENCE Scorns or 97 Tenn’ Aan RuPRBSENTATIVES, 
Boru Sexes, or Crry B 


Otis 15-min. S-A Score ^. Equivalent Measures 
No. Age Av. 30-min. Otis Otis Per- Army 


Cases Group Age Mean c . D/o diff. sore MA IQ centile Alpha 


22 11-I2 I2 25.8 8.7 ~2.96 37.8 148 115 89 74 


. 35 13-14 14 32.3 7.0 —2.69 47.4 162 115 89 99 
23 15-16 16 38.9 10.4 boi 56.4 I74 117 89 129 


17 17-18 18 39.2 7.7 56.6 175 115 89 130 


Early maturity. This period we count as extending from the 
third to the fifth decade. The curve of intelligence score averages 
maintains almost the same level throughout the twenties. It drops 
very slightly in the ‘thirties’, and but little more in the ‘forties.’ 
The average for the d wenios! has an equivalent mental age of 17 
yr. 3 mo. (Otis IQ 114). The population is, therefore, approximately 
equal in mental level to the 17-18 yr. old group and in brightness 
to the other groups representing the period of growth. Homogeneity 
of mental talent.seems therefore to be demonstrated up to this aaa 
as far as this population is concerned. 

The averages for the decades from the third to the fifth are pre- 
sented in Table VI; those for the semi-decades in Table V. These 
tables present beside the means and the o for the groups in ques- 
tion, (1) the significance of the differences between successive periods 

P. Cattell hasthown that “at all the Stanford-Binet IQ levels the Otis IQ 
(Form A) tends to be about six points lower than that of the Binet; P. Cattell, 
IQs and the Otis measure of brightness, J. Educ. ni 22, 1930, 31-35. If a cor- 
rection is made in these terms on our figures the r ria Shara level ery be 120 


E 123 indicating even more Paes superiority 
ents. ' 


Otis equiva- . 
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" and (2) the score equivalents period by period in terms of Otis 
3o-min. score, mental age, IQ, percentile, and Army Alpha score. 

From the values in Table VI it may be seen that.the mean score 
and mental age for the ‘twenties’ is not lower than that for the pre- 
vious semi-decade. The equivalent mental ages are the same, 17 
yr. 3 mo, and the Otis IQ of 114 registered by both is approximately 
the same as the average for the members of the population under 
20 yr. of age. The drop from the third to the fourth decade mean 
is represented by & decline of 7 mental age months, from 17 yr. 3 
mo. to 16 yr. 8 mo. The difference between the two means is two 
and a half times its e and therefore of possibly true significance. 
Between the ‘thirties’ and the ‘forties’ the drop is only one mental 
age month and the decline can not be regarded as in the least’ signifi- 
cant. From the ‘forties’ to the ‘fifties’, however, a drop of 11 mental 
age months is registered and the difference between the two means 
is more than three times its ¢ and, therefore, very probably significant 
statistically. 

The semi-decade indices (Table V) show with somewhat greater 
detail the trend traced in the previous paragraph. It appears from 
these figures that the score curve forms a plateau from the late ‘teens’ 
through both early and late ‘twenties,’ that a considerable, but not 
” statistically significant, drop occurs between the late ‘twenties’ and 
the early ‘thirties’ (8 mental age months) and also between the late 
‘forties’ and the early ‘fifties’ (7 mental age months). Otherwise a 
gentle decline is usually present from one ;-yr. period to the next. 
Registered in mental age months the loss indicated from the high 
point of 17 yr. 4 mo. in the late ‘twenties’ to 15 yr, 11 mo. in the 
early ‘fifties’ is 17, making an average of 3.4 mental age months in 
each s-yr. period. From Table VIII, it may be seen that although 
the successive semi-decade losses in intelligence scoring ability in 
early maturity are not significant statistically for groups of the 
present size those between alternate decade levels are definitely so, 
and the difference between the third and the sixth decade means is 
almost 7 times its c. 

The Otis IQ in the decade periods between 20 and so yr. of age 
are as follows: 114, 109, 107. If the population groups represented 
‘at the successive ro-yr. periods are homogeneous it appears from 
these IQ that within the age period in question a drop of about 7 
IQ points has taken place. The Otis IQ for the ‘fifties’ shows a 
further drop to 102, fite IQ points below the 40-yr. level. 
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The coefficient of correlation between life age and score during 
this period gives & further measure of the decline in scoring ability. 
The coefficients for various parts of the age span and for the total: 
range from the late teens to the ‘nineties’ appear in Table IX: To - 
show the relation of score to age in early maturity and for comparison 
with other indices of this sort published by other writers (or coeffi- 
cients which we have been able to compute from their published 


TABLE VIII 
CORRECTNESS OF THZ DIFFERENCES BETWEEN'MEAN DEOADE 
IwTrELLIGENOB SCORES 
r ` (Both Sexea) 
Decade means Decade means 
< compared D/c diff. compared  : — D/e diff. 
50-59 ; 50-59 l 
2.2 .89 7 
5 70-79 : 80-89 E 
15-19 30-39 
2. ; ; 
30-39 oe 50-59 ud 
15-19 30-39 
2.92 6.I 
_ 40-49 60-69 
ea 15-19 40-49 P. 
P 50-59 p S 60-69 ! d 
o 15-19 40-49 
8.1 .80 
60-69 : 70-79 d 
20-29 40-49 
: 8. 
40-49 ura 80-89 34 
20-29 . 50-59 
6. : 
50-59 d 70-79 3 2 
20-29 50-59 
60-69 9.26 80-8 6.61 


data) we have computed three coefficients, one for the period from 
15 to.55 yr. of age (males and females combined) r = —0.283 + .031; 
and two for the period from 30 to 55 yr. of age as follows: males 
only, r = —o,108 + .065, both sexes, r = —o.191 + .o40. These are 
given with the results of other investigators in Table X. The co- 
efficients between score and age for the period of early maturity 
(age 20 to 55 or, 60 yr.) range from —o.o1 (Yerkes) to —0.283 (our 
data). A single correlation (Bingham) on the range from 20 to 63 
yr. is —0.35. The question of selection suggested by these coefficients - 


and analyzed by several of the vector will be discussed later ^ . 


in the present report. 


` 
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TABLE IX 


CORRELATIONS BETWEEN AGE AND INTELLIGENCE SCORE IN THE ÅGE 
RANGE I5 TO 95 YEARS 


City A City B 
Age No. Product- No. Product- 
range Sex cases moment r Sex ^ cases moment r 
16-55 M&F ,368 — .283 + .031 
30-55 M 106 —.108 + .065 
30-55 M&F 249 —.19I +: .040 
15-95 M&F 620 —.528 +: .02I 
20-95 M 250 — .465 Æ .032 
20-95 F 319 — .532 Æ+ .026 
20-95 M&F 569 —.504 Æ+ .021 
30-95 M 207 —.371 ct .040 
30-95 . F 282 —.520 d: .028 
30-95 M&F 489. —.455 + .023 
40-95 M 166: —.381 + .044 
40-95 F 234 —.489 + .033 
40-95 | M &F 400 —.447 =: .026 
50-95 M 36 — ,302 + .103 M 128 —.392 Æ .051 
50-95 F 86 —.367 + .064 F 183 —.392 +: .042 
50-95 M &F 122 —.343 =+ .055 M&F 311 — .385 Æ+ .032 
City A and City B combined 
Age range Sex No. cases § Product-momentr 
50-95 M . 166 —.387 + .045 
50-95 F 267 —.370 + .036 


50-95 M&F 433 | — .372 + .028 


From the peak, mental age 17 yr. 5 mo., of the intelligence 
score curve reached at approximately the age of 18 yr. the trend is first 
almost level, then it gradually declines to a point at the age of 5o yr. 
some r5 or 16 mental age months lower (mental age 16 years 1 month). 
The decline in Otis IQ points is from 115 to 104.5 and the correlation 
coefficient indicating the relation of score to age is —0.283 for males - 
and females combined. 

Later maturity. This we have considered as covering from the 
sixth to the ninth decade. From the age of 50 yr, onward scores 
for two populations, Cities A and B, are available. It is obvious 
from the intelligence saore curves for these two cities (Fig. 1) that 
A and B represent different levels of intelligence. It is therefore 
necessary to consider them separately and not as a single larger 
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TABLE X 
CORRELATIONS BETWEEN AGE AND INTELLIGENOR Scorn IN THE AGE RANGE 15-65 YR. 
Investi- Age No. | Product- M 
gator? Date range cases momentr Test Subjects 
I921 21-60 . 146 -—.Or1-.056^ P : Medical officers, 
Camp Devens 
1921 21-60 .. 308 —.120+.038 - Infantry officers 
Camp Devens 
Yerkes 1921 21-55 5404 —.192+.009 Medical officers, 
E Camp Greenleaf 
I921  2I-30 2475 —.063+.013 Medical officers, 
: . Camp Greenleaf 
' . 4921 30-60 3267 —.192+.011 Medical officers, 
o ws ud Camp Greenleaf 
Filer & 1922-3 19-53 92 +.067-+-.071 Civil Service Civil Service 
O'Rourke l T clerical test clerks 
; | 15-min. spiral Business men: 
Bingham 1924 20-63 73 —.350+.07 omnibus based executives and 
& Davis on Army Alpha salesmen 
' l s College students, 
Garrett 1928 Av. 19.4 yT. 158 —.110-+-.053 Thorndike exam. Sophs, Jrs., Sre., 
B.D. 2 yr. for H. 8. grads. in Elem. Psych. 
l si : course Columbia 
, Typical rural 
Jones 1928 1554 > 1130 -—.110--.023 Army Alpha New England 
, community 


Individual test Specially selectec 
Burgard 1929 18-50-+-(rat 60 —.151-+.085* Binet and Per- cases. Wide edu- 


65, I at 75) ‘ formance Type cational range 
| Typical rural 
Conrad 1929 17-54 48 —.063+.097 Army Alpha New England 
& Jones 1929 17-54 58 —.239-+.084 Army Alpha community 
Grace I930 15-59 |. 599 —.100+.028* Otis B-A Adult school  . 
I930 15-59 ` 2400 -—.1904-.013 Thorndike test- pupils, Cleveland 
of word knowledge 
Miles & 1931 30-55 106 —.108+.065 Otis R-A . Males, City B 
Miles I931 30-55 249  —.I912-.04 r5-min. Both sexes, 
I931' 16-55 .368 —.283+.03 ` City B 
*Our computation f from the tables of data. i | 


R. A. Yerkes, Psycholo iologica examining in the United States army, Mem. Nai. Acad. 
Sci., I5, 235 817-17; H. A. Filer and L. T O’Rourkey Da. cups In civil service teata. 

: . Person. Res ai 1922/23, 4 3484 920; ; W.V. Bingham and W. T. Davis, Intelligence Test Scores 
and business success, J &ych., K Men Ta H. E. Garrett, The tion of tests oi 
memory and learning to each other and eral inteligence i in a highly selected adult 
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population except where trend during the age period of so to 9o yr. 
is being considered. However, it is equally clear that the score curves 
for both follow approximately the same downward course. The aver- 
age population of one city registers at successive decades mean scores 
regularly divergent from those of the other and this divergence is 
always in the same direction, t.e. City A is always lower than City B. 
The significance of the differences is as follows for the ‘fifties,’ ‘six- 
ties,’ ‘seventies,’ and ‘eighties’: 2.01, 3.18, 1.21, 0.55. For the com- 
bined period 50-69 yr. the ratio of difference to o diff. is 3.75 and for 
the total period, 50—90 yr., it is 3.48. 

The decade and semi-decade scores for City B, forming the curve 
which we have followed up to this point, (Tables V and VI, and 
— Fig. 1) show about the same rate of decline from the ‘fifties’ onward 
as was indicated from the ‘forties’ to the ‘fifties.’ From the ‘forties’ 
to the ‘seventies’ the decade scores describe a straight line, from the 
‘seventies’ to the ‘eighties’ the curve is steeper. The loss in scoring 
power from the sth to the 6th decade was 11 mental age months. 
From the 6th to the 7th decade it was 12 mo., from the 7th to the 
8th there is a drop of 9 mo., and from the 8th to the oth, 28 mo. 
The differences are respectively, 3.2, 2.9, 2.0, and 3.5 times their c 
and, therefore, possibly or probably of statistical significance. The 
semi-decade drops are always less than twice the o diff.; they range 
in amount, for the successive groups having more than ro members, 
from 2 to 18 mental age months and average 8.5 mental age months. 
The total mental age loss from the age of so yr. (M.A. x6—1) to the 
age of 85 yr. (M.A. 11-7) is. 54 M.A. months or 4.5 M.A. years. 
The Otis IQ for the 6th to oth decades are as follows: 102, 96, 92, 
79. From the age of so yr. (IQ 104.5) to the age of 85 yr. (IQ 79) 
the loss is 25:5 IQ points. The relation between scoring ability and 
age in later maturity (City B) is indicated further by the correlation 
coefficients (Table LX); for the period from 5o to 95 yr. of age, 

= —0.385 2.032 (both sexes combined) and — 0.392 for either sex 
separately. 

In City A the trend is similar but the curve is, as already noted, 
at a lower level. The decade populations are smaller than those for 

oup, J. Educ. Psychol., y , 1928, 601-613; H. E. Jones in E. L. Vhorndike's Adult 

rning, 1928, 158; J. ure. d, Testreihe zur Untersuchung d 7 o 
intelligenz achsener, A CK d. ges. Paychol., 68, 1929, 32 TT 
and H. E. Jones, Paychologiha studies of motion pictures: dits. of n 
a8 a measure of E Univ. Calif. Publ. ADR 3, 1929, 245-276; A. E. 


Grace, The mental abilities ohadults as related to a ,n activities, 
Adult Educ. Bull., Cleveland Board of Education, 941930, (series 4, no. 2) 99-101. 
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City B and the differences between levels are therefore correspond- 
ingly less significant statistically. The decade drops are respectively 


2.6, 0.8, and 1.6 times the c diff. Those for the semi-decades are | 


with one exception (early to late ‘fifties’ 2.8) never even possibly of 
statistical significance. But gradual though they are, they total for 
the period from the beginning of the 6th to the middle of the oth 
decade a loss of 52 mental age months or .4 1/3 mental age years, 
which is exactly the amount of loss suffered in City B in the same 
age period. The difference between the mean score for the ‘fifties’ 
and the mean score for the ‘eighties’ is 5.9 o diff. The degree of 
correlation between score and age in City A (Table LX) from so to 
95 yr. of age is —0.343 + .o55, for the sexes combined; —0.302 
+ .103, for the males alone; or —0.367 + .064, for the females alone. 

From the means for the populations in the two cities the decline 
in scoring power is seen to persist and even to increase from the 
beginning to the end of the period of late maturity. Differences, 
insignificant as the mean scores for successive 5-yr. periods are com- 
pared, become highly significant as they accumulate and the loss 
for the total period is found to be 7.48 e diff. for the two cities com- 
bined. The correlation between intelligence score and age for the 
combined group, age 50 to 95 yr., i8 —0.372 + .028. 

Summary. From & maximum score at the age of 18 yr. the curve 
of intelligence maintains almost a plateau through the ‘twenties,’ 
begins then to fall, and persists in its downward course, at first slowly, 
then more rapidly until the end of the life span. The drop in intelli- 
gence from the age of 18 to the age of 85 yr. (City B) measured in 
15-min. scores on the Otis 5-A test is 24 points, 62% of the original 
high score; in mental age months it is 7o (5 yr. xo mo.), in Otis IQ 
points it is 36. The correlation between age and score from the 
age of 20 to the age of 95 yr. is approximately —o.50 + .o2, and 
the difference between the average score in the ‘twenties’ (City B) 
and that in the ‘eighties’ (City B) is 9.9 c diff. 


COROLLARY RESULTS 

(1) Brightness groups. Besides comparison by central tendency such as that 
described above, a comparison of the frequency of various degrees of ability in 
the several age decade classes is another method of indicating the trend of intel- 
ligence scores throughout the life span in populations A and B. For this com- 
` parison we have employed the well-known Army olhasifiontions, transmuting our 
Otis 15-min. scores into equivalent Alpha scores for the purpose (see Table II for 
transmutation values). The percentage of cases in*each brightness group is given 


ect 
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by decades in Tables XI and XII for City A and for City B. Table XIII gives 
the percentages for the sexes separately in duo-decade groupings. Figs. 2 and 3 
give the decade results in graphic form. In the ease of City A the comparison . 
covers four decades from the ages of 50-90 yr. The graph for City B gives the 
classification from the ages of 15-90 yr., thus covering 7.5 decades. 





TABLE XI 
PERCENTAGE OF ADULTS, Borg SExEks, ar EAcH ÁaE Decaps IN 7 BRIGHTNESS 
; CLASSES 
(City A, 122 Cases) 
Class 508 608 708 8os 
A Zo 4.1 4.0 — 
Boe: I9.I 4.I 16.0 
C+ 21.4 16.3 4.0 16.7 
C 28.6 32.6 36.0 33.3 
C— II.9 16.3 16.0 — 
D 2.4 6.1 8.0 16.7 
E 9.5 20.4 16.0 33.3 
Total 100.0 99.9 100.0 100.0 
No. Cases 42 49 25 6 
TABLE XII 
PERCENTAGE OF ÁpuLTS, Bors Smxus, at EAcH Ace DECADE IN 7 BRIGHTNESS 
CLASSES 


(City B, 567 Cases) 
Clam 208 gs, 406 508, Gos on, Bos — 908 
A 42.3 28.9 35.6 12.0 10.8 — — — 
B 37.2 3I.I 8.9 21.4 14.7 16.9 — — 
C+ 14.1 25.6 31.1 30.8 25.5 19.7 16.7 — 
100.0 


C 6.4 10.0 14.4 23.1 21.6 28.2 27.8 

C-— — 2.2. 8.9 ‘6.9 14.7 13.7 5.5 

D — — — 3.4 5.9 8.5 II.I 

E mo 2.2 I.I 2.6 6.9 I4.1 38.9 
Total | x00.0 100.0 100.0 100.2 100.1  IOO.I 100.0 100.0 
No. Cases 78 90 90 I17 I02 71 I8 I 


The persistently lowered percentage of representatives in the higher classifi- 
cations A and B with increasing age and the disappearance of these classes in both 
populations in the ninth decade is noteworthy. Similarly the appearance of the 
groups C—, D, and E, in a population (City B) where they were non-existent in 
the earliest adulthood, to include altogether 35% of the population in the eighth 
and 55% in the ninth decade, is a striking indication of the slowing down of the 
abilities of older people as far as intelligence test performance Of the type used 
here is concerned. 

At this point the question'may well be raised: are the successive decade groups 
for the period of maturity homogeneous? In other words is the decrement reg- 
istered (1) by the regular drof from decade mean to decade mean, or (2) by the 
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diminishing percentages in the upper brightness classifications and the increasing 
percentages in the lower levels, actually & function of increasing age or are the 
lower scores of the older groups due to differences of some other sort. If, for 
example, one sex regularly scores lower than the other and if the older age groups 
are disproportionate as compared to the younger with reference to their male 
and female constituents (not true of our populations) the decrement would be 
spuriously attributed to age. Or if the younger groups contain actually a larger 
proportion of the more able persans of the population as compared to the older 
another confusing element would be introduced. This latter is quite unlikely, 
for actually the opposite is very probably true. Length of life seems positively 
related to general mental ability and resistance to interference from the '^weight 
of years" may be proportional to mental ability. 'The data gathered by one of 
the writers in a study of the intelligence of eminent men show a positive relation 
between longevity and IQ estimated from extensive biographical material. 
The average IQ estimate for eminent men who lived to be 80 years of age or more 
was not less than 5 IQ points higher than the average IQ estimate of men of shorter 
lives. The correlation between IQ and longevity for the group as a whole is not 
very large but it is of practical significance when it is recalled that the intelligence 
range under consideration-here was fairly narrow. Therefore, the decade decre- 
ments which we have found for the sample populations tested with the Otis S-A 
examination are theoretically lesa than would be shown if the same identical 
population could have been tested at succeeding 10-yr. intervals. 

There may be other more obscure elements tending to produce heterogeneity 
in the populations from decade to decade but the present data offers no means 
for isolating or examining them. The question of sex differences and of the 
constitution of the groups in terms of educational status is, however, directly 
amenable to investigation. 

(2) Sez differences. The score curve for the ages from 50~90 yr. in City A 
is based on the tests of 37 males and 87 females, the curve for the ages from 15-90 
yr. in City B is derived from tests of 272 males and 244 females. The decade, 
means for the sexes separately with equivalent scores, Otis mental age, IQ, per- 
centile, and Army Alpha score appear in Tables XIV to XVII inclusive. In 
Table XVIII the statistical significance of the differences between the means 
for the sexes appear decade by decade for each of the cities. It is quite clear 
from these tabulated results that the scores for the males tend to average higher 
than those for the females, but they are not always higher. In the 12 comparisons 
9 are higher and of these only 3 show D/s diff. greater than 2; the ‘highest is 
2.97 which is just ‘probably significant.’ When the decades are combined into 
larger age periods, the 5 differences turn out 4 in favor of the men and r (age 
range 30-49, City B, —0.70) in favor of the women. There are 2 (3.58 and 2.61) | 
that seem to indicate possibly or probably true superiority in the scoring ability 
of the men in question over the women from the corresponding age groups. As 
the trends are not regular (see Fig. 4) we are inclined to regard the difference 
exhibited between the sexes as possibly due to errors in sampling. But it will 
be noticed that in both cities the curve for the females drops more rapidly than 
that for the males from the ‘fifties’ to the ‘sixties’ and there is something of a 
proportional recovery after the seventh decade. 


a aab ducere ER 
10, M. Cox, The early mental traits of three hundred geniuses, Genetic 
Studtes of Genius, II, 1925, Table 12 A, facing p. 60. 
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TABLE XIV 
Ors S-A INTELLIGENCE SCORES, sy Dmoapgs AND 20-YBR. PERIODS 
(37 Ádults, Males, from City À) 
Otis 15-min. S-A peores Equivalent Measures 
Otis Otis 
No. 30-min. Otis Otis Per- Army 
Cases Period Mean c D/e diff. score MA IQ centile Alpha 
I2 508 27.2 3.2 39.0 I4'10 97 39  .76 
I.48 = 
13 608 23.1 9.4 . 34.0  14'0 92 25 62 
8 708 21.5 9.9 r4 31.0 135 89 I7 56 
4 808 16.5 9.2 a 24.0 122 82 6 32 
25 50-69 25.I  IO.O 1.51 36.0 I4°4 94. 30 67 
12 70-89 19.8 10.0 28.2 I2`r0 86 1a 46 
TABLE XV i 
Oris S-A INTELLIGENCE Scorss, BY DECADES AND 20-YR. PERIODS 
(87 Adults, Females, from City A) 
Otis 15-min. 8-A Scores Equivalent Measures 
i Otis Otis 
No. 30-min. Otis Otis Per- Army 
Cases Period Mean c D/s diff. - score MA . IQ centile Alpha 
"U 3I $0 25.9 -I0.6 , 45 37.0 146 95 33 70 
36 608 19.8 9.6 — 03 28.3 12°10 86 I2. 46 
17 708 19.9 9.7 1.24 28.4 2°10 86 I3 47 
3 808 II.8 10.5 l 17.0 I0'IO 75 2 19 
67 50-69 22.6 10.6 | 48 33.0 13°10 O91 22 60 
20 70-89 18.7 10.2 . 26.5 1276 85 9 40 
TABLE XVI 


Ors S-A IwTELLIGENCE SCORES, BY DECADES AND 20-YR. Pariops 
(272 Adulte, Males, from City B) 


Otis 15-min. S-A Scores Equivalent Measures 
Otis Otis 
No. | 30-3min. Otis Otis Per- Army 


Cases Period Mean c D/o diff. score MA IQ centile Alpha 


2I T§-19 41.7 8.7 30 59.7. 17'9 118 93 143 
43 20-29  A4I.I 8.2 Ber 59. 178 117 93 140 
41 3039 342 9.7 14 |: 49.2 16'5 107 73 105 
38 40-49 33.8 12.6 i 96 48.8 16.4 107 72 103 
 50' 505 31.3 10.6 ae 46 16'0 ‘104 64 93 
43 60-65 . 28.9 10.9 1.89 42.4  I5'5 I00 5I 84 
49 70-79 24.7 I.3 | 45 36 I4 4 94 30 67 

7 80-89  *9.9 7.2 l T4 IO'4 72 I 16 
64 15-29 40.6 10.0 3.92 58.6 «78 117 03 136 
79 3049 340 I4 P$ 34 49 I6'5 107 723 104 
93 50-69 30.3 10.6 i 44.5 eI5'9 103 60 89 


36 70-89. 21.9 13.2 3-43 32.0 I13°7 go 20 56 
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The difference between the mean scores of all of the males and all of the 
females of City A is 0.84 in favor of the men; it is o.41 c diff. The difference 
between the means for the sexes (ages 15 to 90 yr.) in City B is 2.76; this is 2.91 
g diff. but here it should be noted that the older (lower score) groups contain more 
women than men, while the younger (higher score) groups are fairly equal. 


TABLE XVI 


Oris S-A Inte iiemncs Scorns, py DECADES AND 20-YR. PERIODS 
(344 Adulta, Females, from City B) 
Otis r5-min. S-A Scores Equivalent Measures 


No. TG 30-min. Otis Otis Per- Army 
Cases Period Mean c  D/odiff. score MA IQ centile Alpha 
30 15-19 36.2 6.7 ü 52.1  16'9 IIO 80  I14 
37 20-29 36.2 6.3 16 52.1 169 IIO 80  I14 
46 30-39 35.9 9.2. 79 51.8 169 TIO 80 II2 
5a 4049 344 104 ao 49.8 16:6 108 75 106 
69 50-59 28.9 8.9 2.85 42.5 I5 5 101 52 84 
60 60-69 23.9 9.8 1:66 34.8 142 93 28 63 
39 70-79 20.9 8.1 30.5 134 89 17 55 
II 80-89 17.8 9.t 25.7 125 > 84 8 36 
67 15-29 36.2 6.6 52.3  16'9 IIO 81 115 

.78 : 
98 30-49 35.2 10.0 4.26 50.8 168 rog 77 109 
129 50-69 26.6 9.9 l 39.0 I4'I10 97 38 76 


50 70-89 20.3 8.5 6.31 , 29.5 I3 I 88 15 52 

For the present study a more important fact than the rather slight, but 
possibly characteristic sex difference, is that when the sexes are regarded sepa- 
rately, from decade to decade throughout maturity, each shows a considerable 
score decrement. This quite definite tendency has already been indicated by 
the coefficients of correlation for the general groups as presented in Table IX. 
Without very large populations the differences could scarcely be made out from 
year to year. When we compare one io-yr. period with the next they are not 
usually large enough to be beyond statistical doubt especially in our amaller 
groups of data from City A. But for 20-yr. periods the changes are sufficiently 
large to be quite convincing. i 

The graphic presentatioh of the resulta for the gexes separately in the two 
cities, Fig. 4, shows again that the downward trend of the intelligence scores às 
age increases is definitely a characteristic of both sexes. A weighted soore that 
allowed for the differences in the relative sizes of the populstions for the sexes: 
from one decade to another would therefore ahow the same general trend as that 
indicated for our populatións as they stand. No matter how or from which side 
we picture them the facta indicate progressive decrement in the intelligence 
scoring ability of the humam being with increasing age. 
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| NE TABLE XVIII 
Sex DIFFERENCES IN MEAN INTELLIGENCE Scouzs or ADULTS 
CLassrIrI2D BY Decane AND Duo-Decapm Aas Prriops 
. (Otis 15-min. Score) | 
City A City B 


Age No. | : ^. No, | 
Periods Sex Cases Mean m D/o diff. Sex Cases Mean oc, D/c diff. 
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Fra. 4. DISTRIBUTION Or MBAN [NTELLIGEN CE Scorss BY Sexes AND BY DECADES 


(8) Educational levels. The lower, position of the mean curve for City A as 
compared to that for City B has been referred to. The differences between the 
. means for the two cities at successive decades from the 6th to the gth are 2.0, 
3.1, 1.2, and 0.05 times the respective c diff. When the two populations were 
analyzed as to educational status an explanation was found ig the lower educa- 
tional rating of the individuals in City A compared to those in City B. In our 
tested population from City A there were 92 persons who had given answers 
about their education which made possible classification into one or another of 
three groups: grade school (o to 8 years); high school, normal or business course 
(9 to 12 years of schooling); college (1 to 10 years of college training). In City B 


THAN 
FLO YES, IMCL na & THE AO) 
HIGH SCHOOL on. EQUIVALENT (V-4 05) 
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Fig. 5. Dxmcapm DISTRIBUTIONS OF MEAN INTELLIGENCE Bconxs ror Groups 
SENTING 4 EDUCATIONAL LEVELS 
(Data from both cities combined) 


far the same age period there were 289 persons who could be 80 classified. The 
percentage of Ss in each of the classes was as follows. 


City A City B 
Gradé School 60% 27% 
High School 26% . 44% 
College 14% 29% 


This striking dissimilarity in the constitution of the two groups and the resultant 
divergence of the curve of one from that of the other suggested the desirability 
of analyzing both populations in terms of educational status. 
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In deriving mean scores for the three educational levels decade by decade the 
resulta from the two cities are combined. The means are presented in Tables 
AIX to XXI inclusive with the ratios giving the significance of the differences 
between successive means, and also the equivalent scores in terms of Otis mental 
age, IQ, percentile, and Army Alpha score. Table XXII gives the significance of 
the differences between the educational means decade by decade, and Table 
XXIII the correlations between age and score for each sex and the sexes combined 
in each educational level. Plotted curves for the three contrasted groups appear 
in Fig. 5. Here in addition to the college group as represented in the tables we 
have set off a superior (more than 4 yrs.) college population. 


TABLE XIX 
Oris S-A INTELLIGENCE CORES BY DECADES FOR GROUPS WITH 
GRADE SCHOOL (0-8 vg.) EDUCATION 


Otis 15-min. S-A Scores Equivalent Measures 
l Otis Otis 
No. 30-min. Otis Otis  Per- Army 
Cases Decade Mean o  D/oe diff. score MA IQ centile Alpha 
3 208 29.3 6.4 88 42.5 1595 IOL 52 84 
II 308 24.9 10.8 ` 36.0 I4 4 94. 30 67 
18 408 23.7 .6.8 2 35.0 142 93 28 64 
4i 508 21.3 9.6 1.25 A 31.0 13 5 89 18 56 
45 608 18.9 8.0 i 7 27.0 128 85 IO 4I 
36 708 16.5 6.4 y 24.0 I2'2 82 6 32 
12 80s II.7 9.6 17.0 10'I0 75 2 I9 
TABLE XX 


Oris S-A IwrELLUIGENCE Scores py Decapzs ror GROUPS WITH. 
Hieu Sogoor (9-12 years) EDUCATION 


Otis 15-min. S-A Scores Equivalent Measures 
Otis | Otis 
No. 30-min. Otis Otis Per- Army 
Cases Decade Mean c D/o diff. score MA IQ centile Alpha 
24 208 35.7 64 6.5 48.7 164 107 - 72 103 
36 308 33.3 8.0 0.39 48.3 163 106 71  IOI 
20 408 32.5 8.8 Bee 47.2 16'2 105 67 98 
62 508 28.5 8.8 7 RG 41.5 IS'2 100 48 BI 
St 605 25.3 .9.6 36.8 146 95 3 © 
30 703 25.3 80 , 27 36.8 146 95 3 #69 
6 808 18.5 6.4 1.54 26.5 I2/7 85 9 39 
I gos 4.5 0 4 21.0 II'7 79 4 26 


It is strikingly evident, first of all, that the same tendency, for increasing age 
to be associated with intelligence score decrement is a characteristic of each of 
the educational groups. In IQ points lost from the ‘fifties’ to the ‘nineties’ there 
is little to choose between the three, the people of grade school education lose 26 
points, those with high schol training 28, and those with college opportunity 27. 
The correlations suggest that there is a slightly stronger relationship between 
score and age the higher the educational class. 
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TABLE XXI 


One 8-A INTELLIGENCE BOORES BY Dxzcapzs FOR GROUPS WITH 
COLLEGE (1-10 YR.) EDUCATION 


Otis 15-min. S-A Scorea Equivalent Measures 

: 30-min. Otis Otis Per- Army 
Cases Decads Mean c  D/e diff. score ` MA IQ centile Alpha 
` 208 .41.7 6.4 1.19 59.5 179 118 93 142 
308 40.1 7.2 D 58.0 I7 6 116 91  I36 
408 40.5 9.6 1588 58.5 177 117 92 138 
sos 36.9 7.6 T 53.0 I6°rIr iji .82 1 
608 32.9 9.6 1.47 48.0 16°3 106 70  1I0OO 

708 28.9 9.6 2.91 42.0 IS'4 100 50 84 - 
808 22.5 re) ' | 83.0 I3'10 9I 22 60 

TABLE XXTI 


INTXLL:GENCR Scogms py Duncans AT Turse EDUCATIONAL LEVELS 





Decade No. cases Mean c D/o diff 
208 Eup. Col. & Col. 5I 41.7. 9, " 
H.S. & Norm. & Bus. 24 43.7 1.3 pe 3.2 
Gr. sch. = 3 29.3 3.8. 
308 Sup. Col. & Col. 39 40.I I.O d 7 
E.S. & Norm. & Bus. 36 333 1:3 l pe 4.3 
Gr. sch. . HU 24.9 3:3. 
408 Sup. Col. & Col. 37 40.5 1.6 A i 
- E.S. & Norm. & Bus. 29 32.5 r.6 $5 7. 
Gr. sch. 18 23.7 1.6 eee 
508 Sup. Col. & Col. 42 36.9 "2 
| H.8. & Norm. & Bus: 62 28.5 I.I e 8.2 
Gr. seh. ' 4I 21.3 I.5 Es 
608 Sup. Col. & Col. 35 32.9 I.6 6 
HS. & Norm. & Bus. 51 25.3 I.4 3 2 7.0 
Gr. sch. " 45  , 18.9 1.2 3 
70 fup. Col. & Col. - I9 28.9 2.2 PS 
` HLS. & Norm. & Bus. 30 25.3 1.5 4) sio 
Gr. sch. 36 16.5 I.I 3- 
808 Sup. Col. & Col. I 22.5 Q0 EN 
E8. & Norm. & Bus. 6 ` 18. . 2.6 pm o 
Gr. sch. 2 nt Ev i 


WITH THE SIGNIFICANCE OF THE DIFFERENCES BETWEEN THEM 
(Both Ciues, Both Sexes) 
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TABLE XXIII 
CORBELATIONB BETWEEN AGE AND INTELLIGENOB SCORE IN THE 
Aas RANGE 20 TO 95 YR. AT TEREE EDUCATIONAL Levais 


(Cities A and B Combined) 

Educational Level | Sex No. Cases Product-momentr 
Grade School M ° 74 —.40I + .065 
- (0-8 Grades) F 92 (0.861 + .061 
M&F 166 —.394 + .045 
High School M 64 —.413 +..070 
(9-12 Grades) F 175 -.509 + .038 
and N. and B. M & F 239 —.403 + .037 
College M I2I —.436 + .050 
(1-10 years) _F 103 —.544 + .047 
and S. Coll M&F 224 —.439 + .036 


The decrement from decade to decade within the three educational levels is 
not large. No one of the differences is statistically significant for our compara- 
tively small groups. But the fall is almost regularly continued whatever the de- 
gree of education and the result is a loss of 4 to 5 mental age years during the 
period of maturity. 

The striking feature of the present comparison is the practical advantage of 
the person of greater education and higher initial IQ over the person of lesser 
education and poorer initial mental equipment. The individual who starts with 
the ability that measures during the period of growth at or near the average falls 
to the 6th intelligence score percentile for adulta by the time he reaches age 75. 
The person who starts near the upper quartile falls during the same period to the 
low average score indicated by the 33rd percentile. The person whose rating 
during the period of growth registers at the 93rd percentile scores even in the 
eighth decade at the 5oth intelligence score percentile which is the average for 
adults in general and an average based in large part on groups in the early ma- 
turity age range. Individuals having at this later period in life an intelligence 
scoring ability that is average or above for active adults and combined with it a 
great wealth of experience, easily maintain their eminence and leadership in the 
affairs of men and may successfully continue their business and professional 
activities to very advanced age. Such people are honored and revered, and exem- 
plify human life at its acme of effectiveness and fulfillment. 

Finally, in Table X XIV, the percentages by decade and educational level ars 
given for the seven brightness classes. The correspondence between degree of 
education and degree of brightness is striking, and perhaps we might say en- 
couraging. Class A numbering 117 persons shows no one who did not go beyond 
the grade school, and a total of 41% of those with some college training fall in 
this class. Class C registers only 13 people with college recordg as against 59 for 
high school and so for the grades. The D and E classes, as anyone might have 
predicted beforehand, were not wholly devoid of ‘college people;’ however they 
are few, 4 as against 60. But age shows its influence also and the fall from the 
higher to the lower classes persists regularly in a diagonal line across the table 
from decade to decade, whatever the extent of educational training and advantage. 
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DISCUSSION 

The results presented in this paper we have qualified because of 
the size of the samples and the character of the populations studied, 
but we have no reason to surmise that the findings would be signifi- 
cantly different if the investigation were to be repeated on a larger 
scale in several communities representing different social and eco- 
nomic strata. We have been careful to describe and discuss our 
data as measures of intelligence in the form of scores on the 15-min 
Otis S-A Higher Examination. While not inclined to weave a halo 
about this test we are nevertheless bound to express some confidence 
in it as an indicator. For the practical purpose in hand we know of 
no better present-day instrument. The examination was adminis- 
tered with great care as to procedure and detail and under ideal con- 
ditions. It bore the caption, *Good-Judgment Question Series,” 
with no mention of “‘intelligence’” or “mental ability." It was not 
forbidding, in fact the contrary, as proven by the record that only 
3 people out of 856 for any subjective reason balked at trying. : A 
positive score could be made by practically everybody from 7 years 
of age to the oldest persons who could leave their homes, while at 
the same time only 4 members, of the rather large group examined 
were able to finish, having tried all 6o items offered. The trust- 
worthiness of the 15-min. test score compared to a similar test of 
20- or 30-min. duration has been amply demonstrated, as well as in 
comparison with much longer examinations. | . 

We examined intelligence by what is called a speed test in dis- 
tinction to a power test. The circumstances of the experimental 
program seemed to demand this technique. Of course it may be 
objected that aging is itself a biological slowing down and that 
effective intelligence in the mature is not necessarily a thing that, 
to work well, must function 'at whip-cracker. speed. 

This common observation on the decreasing speed of the old is 
doubtless a popular way of recognizing and naming the progressive 
decrement discussed in this paper. While the speed test may seem 
to some unfair to the old, we can not close our eyes éo the strong 
probability indicated by many well conducted studies, which we 
need not discuss now, that speed and power in mental operations are 
closely related and at base may well be dependent on the same 
conditions. 
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The fector of disuse or practice we have not been able to analyze 

or equate in the successive decade groups. It seems probable that 
~ the test items are not greatly at fault in this respect, as evidenced 
by the very wide applicability of the test. Subjects did not complain 
of inability to understand the wording of the items nor did they claim 
that the questions were unfamiliar in form or substance. Naturally . 
some of those in the 'teens' were more familiar with being tested 
but there wàs probably little difference i in this respect for all adults 
over 3o years of age. 

Taking all of these things into iudici we gee no conditions 
requiring that a special discount be levied against our findings nor, 
on the other. hand, should they be considered beyond criticism. To 
use & phrase from Claude Bernard, “The investigator should have a . 
robust faith and yet not believe." We have tried to do both of 
these things in the present study. But it is our opinion that anyone 
who works with a large or moderately large body of data, representa- 
tive of normal human intelligence throughout the life-span, is certain 
to be impressed with the general regularity of the results and the char- 
acteristic course taken by the mean values for the successive ages.!? 


SUMMARY 

(1) The correlation of intelligence scores with chronological age 
during childhood and youth is well-known and has often been dem- 
onstrated. Hypothetical curves for the course of intelligence in 
later life have been drawn, usually from studies or more or less 
atypical groups and with relatively few data for ages beyond 5o 
years. The correlation coefficients previously reported have ranged 
from —o.o11 to —0.35. 

(2) The relation between age and intelligence throughout the 
life span was investigated in the present study by securing intelli- 
gence scores on samplings, (from two fair sized American towns), 
for every decade and semi-decade from 7 to 92 years of age. 

(3) AL the intelligence tests for both children and adults, males 
and females, were made by means of a large type edition of the first 60 
items of the Otis Self-Administering Test of Intelligence, Higher 
Examination, Form = even as a nx test. Such a rs5-min. test 
on later maturity without acknowledging the financial help of yore ie Cor- 


oration of New York and the faithful work of thred'assistants : Mrs. J. 8. Il, 
Mrs. . L. Iversen, and Mra. I. J. Cooper, all of whom conducted examinations. 
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has been found to correlate +0.86 + .o2, with scores on a similar 
3o-min. test in the limited range of superior ability represented by 
i21 university students. The test was administered individually 
under ideal conditions. Only 3 people out of & total of 856 for any 
reason objected to taking the examination, which passed under the 
name of “Good-Judgment Question Series." Only 4 people of the 
entire group were able to complete the test in the 15-min. period. 

(4) For the age span 7 to 17 years inclusive the coefficient found 
between age and score was +0.80 + .023. The age group ranging 
from 15 yr. o mo. to 16 yr. 1x mo. registered a mental age of 17°4, 
and the next 2-yr. group, which represents the peak of ability in 
these findings, exceeds this level by only one month, (17's). 

(s) From the high point in the intelligence score curve repre- 
sented at about 18 yrs. of age the trend is at first almost level, then 
gradually declines, dropping 15 or 16 mental age months by the 
chronological age of so years. In this period covered by the 3rd 
to the sth decade the decline in Otis IQ points is from 115 to 104.5 
and the correlation coefficient indicating the relation of score to age 
is —o.283 for males and females combined. 

(6) The drop in intelligence score from age 18 to age 85 (City B) 
amounted to 62% of the original high score and in mental age months 
to a decline of 5 yr. and ro mo. The correlation between age and 
score from the age of 20 to 95 years is approximately —o.50 + .02 
and the difference between the average scores in the ‘twenties’ and 
in the ‘eighties’ (City B) is 9.9 o diff. 

(7) Distribution of the Otis rs-min. scores in terms of the Army 
brightness classification, A to E, shows that the Classes A and B 
progressively decrease with increasing age, and disappear alto- 
gether in both populations in the oth decade. Groups C—, D, and 
E, practically non-existent in the earliest adulthood in our popula- 
tion, include altogether 35% in the 8th and 55% in the oth decade. 

(8) The downward trend of intelligence scores as age increases 
is shown to be definitely a characteristic of both sexes. In 3 or 4 
comparisons out of 5 the men demonstrate somewhat better ability 
to score on the test, but this superiority is not regular throughout 
the life span and may be attributable chiefly to errorg in sampling. 

(9) The two cities studied exhibited considerable average dif- 
ference in educational level, but the curves for decline of score with 
age were found to follow parallel courses. When classified according 
to educational level all groups exhibited the same tendency for in- 
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creasing age to be associated with intelligence score decrement. 
From sc to 90 years people of grade school education lost 26 Otis 
IQ points, those with high school training 28, those with college 
opportunities 27 points. 

(x0) The correspondence between the degree of education and 
the degree of brightness was prominent. There was a slightly 
stronger relationship between score and age in the highest educational 
class, but the great advantage of the individual who starts with 
high initial ability is evident. The person who registers, in youth, 
at the osrd percentile score, according to the rate of decline found, 
would be in the soth intelligence score percentile for average adults 
on reaching the 8th decade of life. 


THE RÓLE OF FORM IN PERCEPTION 


By Harry Hewson and EumAnETH V. Feurer, Bryn Mawr College 


The work of the configurational psychologists has brought the 
question of form into the focus of interest once again. In much of 
the experimentation on apparent movement form has been found to 
play a determining part and this has led to generalizations concerning 
the réle of form in perception and behavior. A number of terms, 
supposedly’ descriptive of forms, have crept into the literature and 
have been accorded the status of Taws.’. Such terms as Prágnanz, 
closure, and good or bad have been used to describe, explain and pre- 
dict hów complexes behave, but their meanings and the precise 
limits of their operation have not been clarified with usage. While 
the suggestiveness and fruitfulness of new terms are not denied it is 
customary in science to demand that words shall have precise, uni- 
vocal meanings. Moreover it is time that the concepts underlying 
broad generalizations forming a new system of psychology be sub- 
mitted to experimental verification. If the form of a stimulus com- 
plex influences what is seen or reacted to, then we should be able to 
find. quantitative evidence for such influences and if some forms are 
‘better’ than others their superiority should emerge under changing 
conditions in which the only variable is the form factor. This study 
was therefore undertaken to determine if form plays a decisive róle 
in perception by measuring the lower thresholds for light when, all 
other factors constant, the form of the stimuli was changed. A 
further aim was to discover if some forms, notably the circle which 
has been proclaimed the perfect figure by the configurationists, were 
better than others according to some quantitative criterion. 

If the liminal value changes for different forms, then form is cer- 
tainly of importance in many ways: in the measurement of the light 
sense, in many laboratory experiments in vision or in other modalities, 
and in the systematic position to be accorded form ag such. But if 


*Accepted for publication January 22, 1931. 

i bg Lebens and EAr oie Anon : psychology 4 the reader is referred m 
n 0 0 t OURNAL, 3 1925 d 3% 494-52 
1926, 25-62, 189-216. W. D, Turner (Intra-serial effec wil Nhi, adf. 

43, 1931, I 1-25) has criticized the sek oe of Pe &8 Henn 
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differences in form do not result in measurable differences in obser-. 
vation then the generalisation, often made, that form is of universal 
and primery importance in perception and other modes of behavior, 
wil have to be retracted or modified in favor of & truer statement 
of its actual efficacy.? 


HISTORICAL 

The problem of form qua forn, as well as the general problems raised by 
Gestalttheorte, is by no means a new one in psychology. Perhaps one of the first to 
emphasize and recognize the rôle o? form in perception was Ernst Mach who wrote 
as early as 1886: “In examining two figures which are alike but differently colored 
we recognize their sameness of form at the first glance, in spite of the differences of 
eolor-sensation. The sight-perceptions, therefore, must contain some like sensa- 
` tion comporents. These are the space-sensations which are the same in the two 
cases.”3 He also points out that two squares, one on a side, the other on a corner, 
could never be recognized as the seme type of figure without “mechanical and in- 
tellectual operations in addition to the sensory processes in the perception." 
Husserl,* writing in 1891, expressec himself in terms that sound strangely modern: 
‘Wir erfassen ihre Configuration (:.e. eine sinnliche Menge) gans wie einer Qualität 
in einem Blick." He later declares that the quality belonging to a group as such 
is its figural factor and, anticipating Köhler, while admitting the importance of | 
the relationa among the members of the group, denies that they are solely respon- 
sible for the unified quality of the whole. 

It remained for Von Ehrenfels to give the facta such a twist that the attention 
of psychologists was gained and a large literature devoted to the subject of the 
Gestaltqualitat. The controversy over the status of the form-quality involved 
almost every psychologist of the time and contains almost every argument, pro 
and con, advanced today with regard to the importance of the concept of Gestalt, 
While on ths theoretical side it drew Meinong, Schumann, Cornelius, Hüfler, 
Bentley, and even Stumpf, through his student Gelb, into the fray, it gave rise to 
some beautiful experimentation a3 found in the work of Schumann, Benussi, 
Seifert and a host of others.’ It is impossible to review this voluminous literature 
at this point, 80 mention only will be made of the original statement by Von 
Ehrenfels and the contributions cf Schumann in order to show what general 
problems.were introduced through s consideration of the form factor in perception. 

In asking his question which was to be debated for the next forty years, Von 
Ehrenfels said: “An individual S comprehends a melody which consista of n 
tones, and, on the other hand, n individuals hear each one of the n tones. Does S 

. *[he co tionists’ emphasis upon form will be found in icall 
their herr Rus It recurs gaan and again. Less definite ones be Catal 
which are often used are: unity, whole, pattern, complex, structure, and Bauplan 
Kohler). This is not a matter of different translations of the same- word, for the 
literature abounds in numerous terms and statements referting to factors 
supposed to hav$ a part in the tota! Gestalt. 
*E. Mach, Analysis of Sensations, 1897, 137. 
. *E. G. Husserl, "Philosophie der Arithmetik, 1891, ch. II, 22. 

šA full discussion will be found in I. M. Bentley, Psychology of mental arran 
ment, this JOURNAL, 13, 1902, 268 ff, From 1902 op the literature is covered by 
Helson’s review, op. cit. ; 
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comprehend more than the other n individuals taken together? There must be 
something more in the form than a sum of elements. In the perception of spatial 
figures, is there more in a space form than n determinations of position, or the 
lines plus relations making up the figure?"* He then advances arguments which 
demonstrate the difficulties of atomistic theories designed to explain Gestalt- 
qualitdten as sums of sensations: “for if a space-form is nothing but a sum of local 
determinations, various space-forms should be the more alike the more their single 
elements are alike. But since the local determinations depend upon the state of 
the visual field, then they should be more alike the nearer they are placed to- 
gether. On this hypothesis it is impossible to see how two rectangles remain 
exactly alike no matter how far apart they are separated from each other and why 
two rectangles near each other are no more alike than two separated from each 
other." Form depends therefore upon something other than similarity of ele- 
ments and the relation of similarity depends upon more than & likeness of parts. 
The two criteria determining form-quality are then given: it is over and above 
the elements in the configuration (a new positive ideational content in conscious- 
ness) and it is transposable from one set of elements to another, hence independen: 
of them. 


It can be easily seen from this statement of the problem raised by Von Ehren- 
fels and elaborated by many others who discussed it after him that we really have 
& number and variety of issues, some of which are independent from our concern 
in this paper. Before passing to the work of Schumann which relates directly to 
our narrower problem of form, suffice it to say here that the reaction to Von 
Ehrenfels’ “positive (and new) ideational content" was negative! While most 
psychologiste were ready to admit the reality of the form-quality as a perceived 
datum, many refused to grant that a new sensation had been discovered or that 
radically different concepts were necessary to explain it. The consensus of opinion 
seemed to be that “parts in relation" would suffice to take care of the facts 

stressed by von Ehrenfels although Husserl had examined this type of explana- 
tion and demonstrated its weakness. 


Schumann, while refusing to grant that there was anything radically new in 
Von Ehrenfels' findings, proceeded to investigate the problem of form in percep- 
tion and published between 1900 and 1904 a series of papers on the problem that 
should, and probably will, be classical. Anyone reading these papers cannot 
doubt for a moment that in them are to be found the really direct precursors of 
Wertheimer, Köhler, and Koffka; in them will be found observations, explana- 
tions and glimmerings that might well be mistaken for material published in the 
Forschung of 1930. Schumann, moreover, consciously said these things. To find 
half-baked, unconscious, semi-poetical anticipations of present trends in earlier 

"writers is to give credit where none is really due. But in the case of Schumann 
no one can doubt that he realized the importance of the factors stressed by 
Von Ehrenfels before him and the Gestalttheoretiker afterwards. Moreover, Schu- 
mann was careful to point out, what later writers have not been 80 careful to do, 
that the concept of form is ambiguous and that it may become a mere namo for 


«>. von Ehrenfels, Über Desteltanalicaten, Vierteljahrsschrift f. wiss. Phil, 
I4, e id f. 
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a phenomenon and not an explanation. To attempt to summarize Schumann's 
contributiors would be beyond the scope of this paper and tantamount to repeat- 
ing much that passes for Gestalipsychologie today. We mention only a few of 
the points stressed by Schumann: equal distances between members help form 
groups; sur-aces between groups appear larger than equal surfaces between 
members of groups; nearness helps in the formation of groups; contours of unities 
tend to stand out in perception; incomplete figures tend to be seen as complete; 
ambiguous figures may be ssen as ‘good’ figures now this way, now that; certain 
firures display properties characteristic of them as such; some parts of a figure 
bring out certain properties while others bring out still other properties; vertical 
symmetry is conducive to connectedness; probably the main locus of the properties 
of figures ts žo be sought in central factors. Schumann rejects Von Ehrenfels’ new 
element, preferring to explain his findings by asserting that figures possess char- 
acteristic properties belonging to them as such. Nor is his discussion limited 
to vision: analogies and suggestions abound in his articles for memory, the 
affects, and the various sense modalities.” 

From Schumann to the work of the modern school of Gestalt is but a very 
small step, i? any at all. The work of this school has been summarized and eriti- 
cized by Helson!? so that it is only necessary to point out here that much of the 
experimental work of the configurationists and much of their theorizing is directed 
toward showing the importance of the form factor in perceptión and behavior. 
While there is ample evidence thal form plays a part in the perception of move- 
ment, in binocular and stereoscopic vision, after-i , figure-ground phenomena 
and in many other places, it appears from a survey of the literature that the con- 
cept, with tae concept of the Gestalt, suffers from ambiguity. In his articles on 
Gestalt Helson pointed out that ths concept of the Gestalt suffered from manifold 
ambiguities and unclearnesses in meaning the following: (1) the form of an 
apprehended whole; (2) some factor within a group which dominated the whole; 

(3) the totality of conditions detarmining a perception, memory, or behavior 
pattern; (4) physical structures; (5) physiological structures; (6) biological 
structures; (7) logical structure; <8) psychological structure; (9) purpose; (10) 
necessary and sufficient conditions, etc.! While Kohler in his recent book has 
somewhat dispelled the hase surrounding the concept of the Gestalt by defining 
it as any “segregated whole or unit” and has elucidated the relation between the 
Gestalt and form by telling us that “in some respects form is the most important 
property wkich a whole may have,” nevertheléss, as Schumann pointed out, 
the word "unity" is itself open to criticism. Furthermore, the assertion that 


SF. Schumann, Beiträge sur Analyse der Gesichtswahrnehmungen, Zach. f. 
Psychol., 23, 1900, 1-32. 
"Ibid. y 20. 


100p, cit. 

1105, cit. The ambiguity of ths concept of Gestalt which was pointed out by 
the senior auther on the basis of his survey of the configurational experimental 
literature i in the articles referred to above reappeared when univocal criteria de- 

"goodness" of figure were ibi enim in the Men study. It may be of interest 
to note that the moe levell the configurationists by the senior 
author in ra on. theoretical Miser uc are amply borne out by this experi- 
mental stu 

Bw, Koller, Gestalt Psychology, 1929, 219. 
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“the most primitive phenomena are figural’ and statements to the same effect 
which assert that form is present in the earliest and simplest experiences need 
to be tested as generalizations by an appeal to experiment in as wide a variety 
of problems as possible. So, too, must the various characteriz&tions of forms as 
good, bad, prägnant, and the like, be submitted to observational and quantitative 
tests to determine (1) whether they have precise, verifiable and unequivocal 
meanings; and (2) whether they denote the one or important determiners 
of perception. 

Some work has been done directly upon the question of the priority of form 
versus content and the results do not substantiate Koffka’s claim given above. 
The work with patients suffering from brain lesions resulting in disturbances of 
visual function has shown that form perceptions may be lost while brightness 
and color vision remain. This fact has been reported not only by Poppelreuter 
and others, but substantiated by Gelb and Goldstein who belong to the so- 
called school of Gestalipsychologie, yet nothing has been made of it, in spite of 
its crucial importance for the claims of configurationists who assert that form is 
primary and prior in perception. 

l Several investigations carried out in this country both on the skin and in 

vision agree that form is not primary as such. Zigler and Northrup, in their 
1926 study, report that, in spite of the fact that their Os were instructed to look 
for forms when geometrical figures were applied to the volar surface of the left 
forearm, “all Os were often unable to perceive any shape at all, not even enough 
to warrant a guess.” “A definite and complete form was the exception rather 
than the rule.”4 The Os felt pressures as such before forms were felt. They 
conclude that “‘tactual form is not so definitely. and unfailingly apprehended as 
'taotual pressure. ... Tactual pressure is invariably perceived, while tactual 
form i8 not definitely given in a considerable percentage of cases, and is not 
apprehended at all in an appreciable number of instances.” 1 

Again, in 1927, Zigler and Barrett found that form does not appear first in 

tactual perception. # They describe three stages in perception: (1) an initial or 

‘stage in which a touch of indeterminate shape is felt; (2) an inter- 
mediate stage in which some prominent feature suggested a tentative but unsatis- 
factory shape; (3) thestage of definitely perceived form with greater or less clarity. 

When we come to vision we discover that forms do not appear first in percep- 
tion any more than they do on the skin. Zigler, Cook, Miller, and Wemple in 
an investigation of the perception of form in peripheral vision report: (1) there 
is no form in the periphery of vision, only figureless-background; (2) as the stimulus 
passes toward the center of vision, formless figures are seen; (3) then comes a 
form resembling the figure actually used as stimulus; (4) and finally, clear form: 

BK. joies Growth of the Mind, 1925, 132. 

UW. Po euter, Zur Foy one oee der optischen Wahrnehmung, Zach f. d. 
ges. Neun. u, Psychiat. 83, 1923, 26 ff.; A. Gelb and K. soe Psychologische 
VE hirnpathologischer 1920, 36 ff. 

Zigler and E M. N orthup, The tactual perception of form, this 
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J ud $t Pure A further contribution to the tactual perception 


of form, J Zigler, B Cook, D » 10, 1927, 186. 
Zigler, B k, D er, and L. Wemple, The perception of form 1 in 
Ed vision, this rete 42, 1930, 246-259. ' 
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Nor do they find any differences among forms in the place where they change 
from formless to clear—all change at about the same region of the retina. Form 
as such not only fails to appear, but exerts no effect upon what is seen and where , 
it is seen, otherwise there would be a difference for different forms. These authors 
tell us that “No type of figure manifests a consistent advantage over others in 
the matter of being perceptible farther afield.” Exactly similar results have 
been stated by Kleitman and Du 


DEEE 

The present study was undertaken in an endeavor to determine 
if form as such exerted a constitutive effect upon the lower threshold 
of vision and, if such effects were found, what forms were ‘good,’ 
‘bad,’ or ‘indifferent.’ Furthermore, we hoped to be able to set up 
criteria for the various types of forms, believing that those which 
emerged in the various ‘categories could be classified by some quanti- 
tative or qualitative norm coming from the experiments themselves. 
In all of these our expectations were e disappointed as the following 


. pages will show. 
EXPERIMENTAL PROCEDURE - 

Our expariments consisted in determining the lower limens for light, just 
noticeable form, and certaih form for 6 different figures, all of the same area. 
The figures used were: ‘an isosceles triangle, standing on its base, 44.72 X 44.72 
X 63.24 mm.; a rectangle, on its longer side, 50 X 20 mm.; a circle, diameter of 
35.6 mm.; a semicircle, resting on its straight side, diameter of 50.mm.; an 
angle which consisted of a square, 35 X 35 mm. from which a smaller square 
15 X 15 mm. had been taken, leaving an angle having an area of 1,000 sq. mm. 
like the other figures and presented like an inverted V; and finally, a square, 
31.62 rnm. an a side. 

The figures were cut out of black cardboard ind placed in front of the milk 
glass screen forming the front surface of the Nagel adaptometer.!* The experi-, 
ments were carried on after 30 min. of dark adaptation in a dark room. Before ` 
going into tae dark room all Os gazed at a white wall illuminated by & lamp of 
small wattage in order to start dark adaptation from approximstely the same: 
level of light adaptation. Both periods of adaptation insured a fairly stable 
state for the observations to determine limens.?. A i-min. rest intervened 
between observations. A small red cross was so reflected from a mirror that 
it appeared to come from about 3 em. above the stimulus figure. The purpose 
of the red fixation light was to insure foveal vision both because forms are best 
geen in the fovea and because it is necessary to work only on one part of the 
retina. The red of our fixation light helped insure the latter because red is a 
B color,"i.e. its brightness is no greater for the rest of the retina than for 

uoted by Zigler, Cook, Miller, and Wemple, op. ES 247. 
For a description of the Spears gee W. Lohmann kenn! Uber Helladaptation, 


Zach. f. Stnnesphysiol., 41, 1907, 304 ff 
ihia is th the eer y taken to insure re equifiriun, although some experi- 
menters believe 15-20 min. Sufficient. 
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the fovea and hence there is no tendency to turn the eye away from foveat vision 
to a place of greater sensitivity. Furthermore, in order to insure foveal vision 
the Os sat at a distance of 275 cm. from the instrument which made the angle 
subtended by both fixation and stimulus lights not greater than one degree—vis. 
57. This angle falls well within the foveal region which is usually said to be 2° 30*. 

With 3 Os, limens for ‘just perceived light,’ just perceived form,’ and ‘certain 
form' were determined separately, while the fourth O waa instructed to increase 
the intensity of the light by turning a handle until she first saw light when she 
was to report its form if she could and the degree of certainty. If she was wrong 
or uncertain she was instructed to keep turning until she was right in her report 
and certain of it. We thus obtained three sets of limens for each O on each figure: 
the limen for just noticeable light—aince light was practically always seen before 
any trace of form was visible; the limen for just noticeable form--whether or 
not the form named was correct; and the limen for certain form—when the form 
exposed was correctly named and the O felt sure of his report. We have called 
these values respectively the Light Limen; Form.1; and Form 2. 

By dividing the values given in our tables into the constant 0.0144 they can 
be translated into foot-candles of illumination or apparent foot-candles. As they 
stand, our figures represent measures of sensitivity and hence the actual limens 
vary inversely with them. 

Only the ascending series in the Method of Limits was finally used in our 
computations for the following reasons: (1) at its best the lower limen for light 
is subject to large standard deviations when measured by a fine instrument and 
the inclusion of ascending and descending values would have given such large 
deviations that we feared differences among forms might be masked; (2) had we 
used the descending series throughout our experiments, we would not, have been 
able to determine whether forms are seen coincidently with light, before, or 
afterwards—one of the points our study was undertaken to settle; (3) knowledge 
of the form prevented the Os from reporting when they actually disappeared in 
the descending series and thus contributed to the large deviations. In order 
therefore, to keep our Os in ignorance of the stimulus at each observation and to 
reduce the size of the deviations, which is considerable in any case, we presented 
our stimuli in chance order, used only the ascending series in the Method of 
Limits, and began with a different setting of the mene which the O turned to 
increase the intensity of the stimulus light. 


RESULTS 

(1) Form as a primary datum. The first and, pahane most 
significant result appears from & comparison of the limens for just 
noticeable light, Form 1 and Form 2, in Tables I, III, and V. In 
Table I are given the values of the light limens for each O on each 
figure, as well as the average value for all Os on each figure. Tables 
III and V give individual and group values for Form 1 and Form 2. 
We find a tremendous difference in the limens for the three stages of 
perception as the following averages, for all Os on all figures, for the 
three cases show: Light=647.11; Form 1=44.76; Form 2=26.03. 
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TABLE I 


Varos or ‘Lig’ Lawsa AND o ron Evary O on Every FigunE 


Triangle 
D L : 33.38 
T 19.69 
H L 2003.20 
c 781.25 
M L 401.50 
c 128.48 
Z L 271.26 
o 100.37 
Av, L 77.35 
g dis. 873.00 

c m 61.74 - 


Bquare 


32.39. 


19.43 


1852.60 
648.41 


385.92 
100.34 


280.00 
117.60 


637.72 


787.00 


55.66 


Rectangle 


38.75 


18.21 ` 


I916.23 
638.74 


425.51 
127.72 


' 264.47 


III1.08 
661.24 


807.00 
57.07 


TABLE H 


Circle 
40.00 
17.60 


1943.40 


621.89 


377.19 
125.73 


294.58 
94.27 


663.79 


815.00 


57.64 


Semicircle - 


34.10 


13.98 


1658.70 
727.83 


351.24 
122.93 


219.06 
74.48 


565.77 


741.00 
52.40 


x 


Angle 
. 39.50 
21.73 


1972.84 
789.13 


410.75 
127.33 


284.23 
127.90 


676.83 


861.00 
` 60.89 


BSuowiNG ror rap Vauious Pars or Liaur Limans ruE'DirFERENCE (D), THE 
STANDARD DEVIATION OF THe DIPFERENCE (0 DIFF.), AND THE RATIO 


(D/o DIFF.) BETWEEN THOSE VALUES 


Figures Tri, Sq. Rect. Circle Semi- 
D. 39.61 circle 
Square c diff. 83.13 
D/o diff 0.47 
D 16.09 23.52 
Rect. c diff. 84.07 79.72 
D/c dift 0.19 0.29 
D 13.54 26.07 2.55 
Circle o diff. 84.46 80.13 81.11 
D/o diff 0.16 0.32 0.03 
D IIl.56 71.95  ' 95.47 98.02 
Semi-e. o diff. 80.98 76.45 77.48 77.90 
D/oc diff 1.37 ,0.94 I.23 1.25 
^ D 00.50 39.11 15.59 13.04 111.06 
Angle o diff. 86.72 82.50 63.46 83.84 . 80.33 
D/o diff 0.00 0.18 0.15 


I.38 
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TABLE III 
VALUES OF Form I LIMEN8 AND o FoR Every O on EVERY Fraug5 
Triangle Square Rectangle Circle Semicirele Angle 


D L 6.57 6.18 7.50 5.53 4.42 4.20 
g I-77 I.79 I.95 1.60 I.37 I.93 
H L 135.63 142.14 207.66 147.96 90.42 74.40 
Ü 86.08 63.96 ` 97.60 76.94 46.11 37.94 
M L 15.36 Il.54 14.21 ` II.20 7.08 9.30 
g 8.22 6.23. 8.67 6.27 3.1I 4.8« 
Z L 30.42 27.70 33.00 30.00 25.33 26.56 
ad 16.73 14.40 15.50 12.30 14.44 14.61 
Av. L. 46.99 46.89  , 65.59 48.67 31.8rT: 28.61 
c dis. 68.04 64.59 96.65 69.97 42.35 34-45 
om 4.81 4.56 ° 6.83 4.95 2.99 2.42 
TABLE IV 


SHOWING FOR THE Various Pars or Form 1 Lixens vHE DrrrERENCE (D), 
THE STANDARD DzviATION OF THE DIFFERENCE (¢ DIFF.), AND THE 
Ratio (D/o DIFF.) BETWEEN THOSE VALUES 


Figures ` Triangle Square Rectangle Circle Semi- 
D. 0.10 | ^ circle 
Square  ' c diff. 6.63 l 
D/c diff. 0.001 ` 
D -18.60 18.70 
Rect. g diff. 8.35 8.21 
. D/o diff. 2.22 2.27 
D 1.68 1.78 16.92 
Circle o dif. 6.90 ' 6.73 8.44 
D/c diff. 0.24 0.206 ` 2.00 
D 15.18 15.08 33.78 16.86 
Semi-c. o diff. 5.66 5.45 7.46 5.78 
D/c diff 2.68 2.76 4.52 2.91 
D 18.38 18.28 36.98 20.06 3.20 
Angle c dift. 5.438 5.15 | 7.28 5-51 3.85 
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These differenees mean that the sensitivity of our Os is nearly 25 
times as great to ‘Just noticeable light’ as to ‘certain form;’ nearly 
rs times as great to light as to ‘just perceived form’ wherein the 
forms are usually reported incorrectly; and nearly twice as great to 
‘just perceived form’ (unclear, hazy, guessed-at forms) as to ‘certain 
forms.’ The lowest limen is for light without form, the highest for 
clearly perceived forms, with the uncertain stage between the other 
two extremes. It appears that far from being primary in perception, 
form perception is the result of mechanisms at a much higher level 
of integration than those responsible for the perception of formless 
light. Our results substantiate the conclusions reached by various 
other workers and are in direct opposition to the assertion that form 
as such is present at the lowest levels of perception or that every 
perception must necessarily be of the figure-ground variety. 

(2) Inght limens. It might be maintained that even though 
form is not perceived at the lower limit of vision that it is neverthe- 
less effective below the limen in that it determines what is seen, or 
has some influence upon the threshold value. This assumption may 
be tested by determining if there are significant differences. between 
the limens for the different figures." This has been done in Tables 
II and VII, the former giving the differences, e, and c diff. for all Os 
as a group, the latter giving the same information for each O sepa- 
rately in order to show individual differences, if any, between Os. 
Whether we group our data or not, both tables fail to show any 
significant differences among figures in their limens for just.noticeable 
light. One exception to this statement is found for two figures for 
one O (Z) who happens to give a significant difference between her 
limens for circle and. semicircle but since this is only one case out of 
a possible 6o and disappears when we treat her among the other Os ` 
in a group, it may well be due to chance, especially since this O shows 

When the ratio of the difference between two measures to the o diff, is 3 or 
more, we have considered the difference as significant, otherwise not. Itis obvious 
that the chances of a significant differance are nearly as great when the value of 
this ratio is 2.99 as when the value reaches i. Our reason for neglecting all ratios 
below 3, no matter how close they may be to 3, is that the line-must be drawn 
somewhere and since 3 is the generall ecd value indicating significance, we 
have adopted it. A lower value would not affect our conclusions in any way even ' 
though more siggificant differences among figures would thereby appear. The 
reader must keep this fact in mind throughout the rest of our discussion because . 
we have taken as our criterion of significance this statistical value. On the other 
hand, the absolute values speak for themselves and justify our conclusions. But 


when we come to compare figures with each other some standard or statistical 
norm is necessary before we can even guess as to whether & difference in absolute 


values is significant. 


q 


E Fd 
9b art 


N 
at 


Triangle 
2.10 
0.63 


80.37 
38.58 
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2.20 
0.51 


95.04 


52.27 


3.60 
0.97 


6.26 
2.50 


26.77 
46.95 


3.32 


TABLE V 
VarnuEsS oF Form 2 LiwENB AND o FOR Every O on Every Ficune | 
Square Rectangle. 


2.16 
0.63 


197.30 
82.87 


TABLE VI 


Circle 
I.63 
0.51 


77-97 
36.65 


3.09 


0.96 . 


89 


- 


Bemicirele ^ Angle 


1.44 
0.45 


60.00 - 


25.80 


2.97 
0.62 


6.28 
2.0I 


17.62 


27.74 
1.96 


I.II 
0.36 


46.17 
20.78 


2.99 
0.77 


SHOWING FOR THE Various Pams or Fors 2 Liwmws tas DrirrngENCX (D), 


THE STANDARD DEVIATION OF THE DirFERENCE (0 DIFF), AND THE 


Figures 


| Square. 
“Rect. - 
Circle 
Semi-<é. 


Angle 


Raro (D/o DIFF.) BETWEEN THOSE VALUES 


Triangle 


Square Rectangle 


9.15 
3.86 


2.37 


12.83 
3.65 
3.51 


Circle Semicircle 

4.53 

3.27 

1:58 

8.21 3.68 
| 3.02 2.47 

2.71 I.48 
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the fewest number of significant differences under all conditions. 
We are justified, on the basis of these results, in concluding that form 
. is not a constitutive factor in the perception of light as such. 
|. (8) Form limens. If we compare each of the 6 figures with every 
other there are 15 possible comparisons for the Os as a group, 6o 
comparisons if we treat the results separately for the 4 Os. This is 
true for Form 1 and Form 2 as well as for light perception. In Table 
VII the individual results have been listed for all three cases, the lack 
of significant ‘differences for the light limens having been mentioned 
already. We can therefore turn our attention to the results for 
Form i and Form 2, discussing the former first. Treating the Os 
as a group, we see from Table IV that out of 15 possible significant 
differences, only 5 are actually significant as follows: triangle and 
angle; square and angle; rectangle and semicircle; rectangle and 
angle; and circle and angle. Four out of these 5 significant differences 
concern the angle and some other figure. It appears as if the low — 
sensitivity value of the angle makes it a ‘bad’ figure compared with 
the others. But when we inspect the results for each O, as given in 
Table VII under Form 1, we find that other figures show as many 
significant differences as the angle, indeed more: the semi-circle 
shows ii significant differences and the angle only xo whereas in 
the group results the angle emerges as significantly different from 
several other figures. From the individual results the rectangle 
emerges with 11 significant differences, and since it appears signifi- 
cantly different from two other figures in the group results we might 
conclude that its high sensitivity value sets it apart as a ‘good’ 
figure from some of the others, even though less than half the figures 
are significantly different from it. Out of 60 possible significant 
differences in the individual results, we find a total of 26 really 
significant. One 0, (Z) shows no significant differences in the Form 1 
limens! Before drawing any conclusions as to ‘goodness’ or 'bad- 
ness’ of forms we must see what still different criteria tell us. 
Comparing the values given in Tables V, VI and VII for Form 2 
(correctly perceived forms), we notice that out of 15 possible signifi 
eant differences for the group results (Table VI) only 6 are signifi- 
It should be noted that the pombe of significant differences is just twice as 


great when we add the number for each figure as it is when we take the total 
number of all oe because in a former case each a difference ig 
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cantly different. These differences concern the following figures: 
triangle and rectangle; square and rectangle; square and angle; 
rectangle and circle; rectangle and semicircle; rectangle and angle. 
Five of these 6 differences concern the rectangle which appears to 
have a significantly higher sensicivity value than any of the other 
figures since, for the group as a whole, it gives a significant difference ` 
when compared with every cther figure used. While according to 
the criterion of just perceived form the angle emerged significantly 
worse than four of the other figures (all but one!), according to the 
criterion of certain or correctly perceived form the angle is signifi- 
cantly lower than only two other figures. Hence the angle does not 
appear so ‘bad’ when the Os are required to report its form when 
certain of it. This shows, as we skall have occasion to point out later, 
that although the angle wes rot seen as readily as the other figures 
when just noticeable forms were reported, when it was seen it tended 
to be reported correctly, having fewer false reports than other 
figures which might have appeared ‘better’ from the point of view 
of ‘apparent shape.’ (Cf. Takle XIV which gives the percentage of 
times each figure was correctly reported.) 

It is difficult to summarize wkat we have found with respect to 
‘goodness’ of form from the resulis of Form 1 and Form 2. While 
the angle appeared to have a lower sensitivity value than. the other 
figures for Form 1 in the results of the group as a whole, as a matter 
of fact an examination of the individual results showed that the semi- 
circle was perhaps worse, having ir significant differences in all. 
The rectangle also showed 11 signidcant differences in the individual 
results but when the results were pooled in the group results, both 
the superiority of the rectangls and the badness of the semicircle 
fail to appear. On the other hanc, in the group results for Form 2 
the superiority of the rectangle clearly is demonstrated since it is 
found to have a significantly higher sensitivity value than any of 
the other figures. Here, too, the angle does not appear to be so bad 
as it was in Form r instructions. If we take the individual results 
for form 2, we'find r2 significant cifferences in all for the angle, rr ` 
' for the rectangle, and ro for the semicircle; the latter, like the angle, 
having a lower sensitivity value, in general, than the other figures. 
The individual results (Table VII, under Form 2) make the semi- 
circle appear nearly as bad as the angle, but,in the group results its 
sensitivity value .is significantly lower than one figure only! 
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Logically, and according to statistical canons, we have no right 
to draw conclusions from the group results to the exclusion of the 
individual differences, and vice versa. But we may take what both 
methods of computing significant differences agree in, viz., the angle 
is not a good figure under Form 1 conditions, but is fairly good under 
Form 2 conditions (being little worse than the semicircle in the 
individual results for Form 2): if we were to choose the best figure, 
it would be the rectangle whose limen, according to both group and 
individual results, is significantly lower than that of any other figure. 

To those who are familiar with the configurational literature it 
may appear strange that the circle which has been touted as such a 
good form fails to qualify as either a good or the best shape since it 
neither tends to be seen first among all the forms nor to be reported 
correctly at a lower liminal value than the other figures—in fact its 
sensitivity average is third for Form .ı and fourth for Form 2. While 
the circle may be a ‘good’ figure on the basis of physical considera- 
tions, &nd under other conditions of experimentation, in our experi- 
ments it never fulfilled the high expectations which the hypotheses 
based upon physische Gestalten would lead one to entertain. This 
merely demonstrates that what is a good configuration from the point 
of view of physical considerdtions may be a mediocre or poor shape 
from the point of view of psychological observation. 

It appears, therefore, that while there may be significant differ- 
ences among forms for some Os when they are seen, different conclu- 
sions respecting such differences may be arrived at, depending upon 
whether we base them upon individual results, group results, or 
Form 1, or Form 2 conditions. But the possibilities governing our 
judgments of form have not yet been exhausted for there are still 
other criteria, springing directly from observation, upon which forms 
may be called good, bad, or indifferent. 

(4) Goodness of form as a matter of the criterion used. If wescrutinize 
our. results still further we find that a form may be good or bad on 
several counts, each pene to a Bae form as the best or worst. 
der Kreis als Ender ee in der Physik wie tm Gest besonders Mi: icd 
[zu sein] (Brit. J. Ihe problem of form in Bp. I4, 1923, pr 
It should be noted that C ella: says explicitly that the circle is pteferred not only 
from physical considerations 2 is the visual field as well, as this quotation proves. 
In none of our experiments and by none of the numerous criteria which we ere 
using does the circle appear oon ers ausgezeichnet. Nor does the failure of the 
circle to qualify as a good or«he best figure arise from the fact that we have chosen 
criteria unfavorable to it as a figure—we have tested each figure by every n 


iss our quantitative results would allow leaving it to the faeta to speak for th 
ves, ~- 
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Tf we take as a criterion of goodness that figure which was reported 
as seen first the largest number of times in the first 5o observations 
on Form 1, we find from Table VIII, wherein the figures actually 
exposed are given horizcntally and the figures reported, whether 
correct or not, are given vertically, that the triangle was seen 298 
times; rectangle, 215; square, 2-5; circle, 198; semicircle, 142; and 
angle, 132. By this toker: the triangle could be taken as the “‘best”’ 


TABLE VIII 


REPORTS FROY Aut Os on Form 
(First 50 Observations) 


t 


Figures exposed ` 

Figure Tri. Rect. Sq. Circ. Semi-c. Angle Total Av. Ü 
Seen as l 

Tri. . 189 o 0 O 52 57 298 74.5 | 9.23 
Rect. I 198 o o 16 O° ‘215 53.7 0.82 
Square 0 o 180 zo 1 4 215 53.7. 5.80 
Cirde — . o oO 20 If. I 7 198 49,5 5.59 
Semi-o. ' 4 2 © D 124 I2 142 .35.5 7.08 
Angle 6 Oo 0 5 6 120 I32 33.0 8.51 


figure since it tends to be ssen more frequently than any other form . 
when any form at allis seen. Table VIII also shows the number of ' 
: times each figure was “confused” or mistaken for every other in the 
— first so observations on Form 1. Thus, reading from the top of the 
table to the left, we see that the triangle was reported as triangle 
189 times out of 200 (4X 50), but 52 times the semicircle was reported 
as triangle &nd 57 times the angle was reported as triangle, while the 
square and circle were not reported as triangle by any O at any time 
in the observations for Form 1. The average number of times each 
figure was reported as seen and the c of this average are given in, 
Table VIII and utilized in Table IX where the differences, the o diff. 
and the/D/«c diff. are shown in crder to determine if there is a signifi- 
cant differenee in the number of times each figure tended to be re- 
reported. Significant ratios, i.e. 3 or above, appear for every figure, 
but the triangle alone is significantly different from all the other 
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TABLE IX 
SIGNIFICANT DIFFERENCES IN REPORTS on Form FOR Aut Os 
(First 50 Observations) 
Triangle Rectangle Square Circle Semicircle 
D 20.75 
Rect. c diff. 4.63 
D/oc diff. 4.48 
D 20.75 , 0.00 
Square c diff. 5.45 2.93 
. D/c diff. 3.81 0.00 
D 25.00 4.25 4.25 
Circle -o diff. 5.40 2.83 4.03 
D/o diff. 4.63 | 5.50 1.05 
D 39.00 18.25 18.25 14.00 
Semi-c. c diff. 5.82 3.56 4.58 |^ 4.51 
D/c diff. 6.70 |. 5.13 3.98 3.10 
D 41.50 20.75 20.75 16.50 2.50 
Angle o diff. 6.28 4.28 5.15 5.09 5.54 
D/c diff. 6.61 ^ 4.85 4.03 3.24 0.45 


shapes while the semicircle and angle are both significantly different 
(in tending to be reported less frequently than othér figures) from 4 
other figures. Whether the 3 significant differences each for rectangle, 
square, and circle mean any more than the fact that the other three 
figures are reported a greater (triangle) or fewer (semicircle and 
angle) number of times, we.do not attempt to say. It should be . 
noticed that the significant differences for the last three figures ac- 
count for the significant ratios found for the first three. Certainly on 
the basis of these findings, different forms tend to be seen more or less 
frequently &nd hence form, if seen at all, plays & part. But since each 
figure was presented the same number of times every other figure was, 
it appears as if the conditions favoring apparent form reside as much 
within the organism as outside in the objective configuration. The 
ambiguous figures are certainly the semicircle and angle since they 
are apt to be called something else more frequently than the other 
figures. If we were to pick the best figure from the point of view of 
the figure which ‘appears’ most frequently, regardless of the form 
actually presented, then the triangle emerges as the best figure! Yet 
the theorizing of the configurationists which has been based upon the 
properties of physical configurations would never have led us to 
believe that the emer would be preferred in perception! 


~ 
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Lest we generalize too hassily concerning which is the ‘best’ 
figure let us turn to the other criteria which may be used to determine 
the ‘best’ shape. If we take as the best figure that one which was 
: reported correctly, or required the fewest number of repetitions for 
so correct reports on form (Form 2 conditions), we find that the 
rectangle gets first place. In T&ble X are given the number of times 


TABLE X 
NuMBER or Tr«wzs Evary Fieuen HAD TO BB PRESENTED TO OBTAIN 50 ConREOT 
Reports on Form l l 
“Rect. Circle Sqvare Angle Tri. Semi-o. 
D 50 56 50 70 50 74. 
H 5I 56 62 89 58 67 
M 5o 65 50 53 50 68 
Z 51 77 58 82 53 80 
Av. 50.50 63.50 55.20 73.50 52.75 72.25. 
g 1.00 : 8.61 5.19 10.78 3.27 5.45. 


‘each figure had to be presented so each O in order to get 5o correct 
reports on form, the averages for all Os and the o of these averages. 
Again the angle and semicircle gat a bad rating since they required 
the largest number of exposures before being named correctly. In 
Table XI are given the differences between the averages of the differ- 
ent figures, the c diff. and D/s diff: From this table we learn that 
the rectangle required a fewer number of exposures than three other 
figures, while the semicircle and angle required a larger number of 
exposures than three other 3gures, significant differences only being 
taken account of here. The square and circle would appear to be 
neither significantly good nor bad. 

There are still other criteria of goodness. We have found that 
there are no significant differences in the &mount of light necessary to 
see the various shapes at the lower threshold of vision, t.e. in the 
limens for light. In Table XII are given the limens in order of 

“Here the Os were required to increaze the intensity of the stimulus until they 
were sure of the form seen. If they reporzed thev were certain and named the form 
incorrectly, the stimulus was repeated st a later time. Since we were trying to 
determine the lower threshold for ‘certain’ form it was oy to adopt a pro- 
cedure that wdfild give the lowest value possible for all figures. On the other hand 
the number of times figures were incorr2ctly reported could be counted and the 
different figures oompare not only with respect to their thresholds but also as re- 
gards the number of exposures necessary for 50 correct reports on form. Under 


the conditions of Form 1, on the contrary, wo were iifterested mainly in BD 
form, whether correctly reported cr not, so far as stimulus was concerned. ` 
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TABLE XI 
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RIGNIFICANT DiryERENOES BETWEEN FIGURES IN THE NUMBER OF Times Tuxy 


Wira PRESENTED TO OBTAIN 50 CongROT Form Rerorts 
Triangle Angle 


Serni-c. 
D , 19.50 
Triangle of diff. 2.17 
D/o diff. 6.15 
D | I.25 20.75 
Angle c diff. 6.03 . 5.63 
D/o diff. 2I 3.86 
D 17.25 | 2.25 
Square o diff. 3.76 3.06 
D/s diff. 4.58 93 
D 8.75 10.75 
Circle c diff. 5.08 4.59 
D/o diff. 1.72 2.34 
D 21.75 2.25 
Rect c diff., 2.76 1.70 
D/o diff. 7.88 1.32 
TABLE XII 
LIMENS IN ORDER or MAGNITUDE 
Observer 
Z D l 
Order 
(1) Circle 294 Circle 40 
+2 (2) Angle 284 Angle 39 
E (3) Square 280 Rect. 38 
(4) Tri. 271 Semi-c 34 
(5) Rect. 264 Tri 33 
(6) Semi.-c.219 Square 32 
(x) Rect. 33 Rect. 7.5 
„ (2) Tri. $0 Tr 6.5 
g (3) Cirele 30 Square 6.2 
S (4) Square 27 Circle 5.5 
(5) Angle 26 Semi-c. 4.4 
(6) Semi-c. 25 Angle 4.2 
(1) Rect. 7 Square 2.2 
« (2 Bemi-e. 6.2 Rect. 2.1 
E (3) Square 6.2 Tri. 2.I 
£ (4) Tri. 6 Circle I.6 
(5) Circle 5.9 Semise. I.4 . 
(6) Angle 5.5 Angle Ed 


8.50 
5.02 
1.69 
4-50 


1.70 


Square Circle 


13.00 


. 4.32 
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magnitude for the various figures and for each O separately; the limens 
being for light, Form 1, and Form a. We have summarized the data 
given in Table XII for all Os in Table XIII, where the figüres are 
arranged according to their average limens and average rank order 
for light, Form 1 and Form 2. While an order is given in Tables XII 
and XIII for light limens, it means little or nothing since there are no 
` significant differences in the limens for light. .But if form is per- 
ceived, either under the conditions of Form 1 or Form a, then signifi- 
cant differences do appear among the various shapes. From the 


TABLE XIII 

ORDER or FIGURES Accorpine TO ÁvgRAGE LIMEN AND ÁvERAGR RANK ORDER 

Average Limen Average Rank Order | 
Light Forni Form2 Light Forni Forma - 
Tri. : Rect. Rect. Angle Rect. Rect.. 
Angle Circle Square Circle Tri. rere 
Circle Tri. Tri. Tri. Circle 
Rect. Square Circle Rect. Square ae 
Square Semi-c. Angle Square Semio. Semi-. : 
Semi-c. Angle  Bemi-e. Semi-c. Angle Angle 


positions of the rectangle (first) and the semicircle and angle (occupy- . 
ing the last two places) in Tabls XIII we might conclude that the 
former requires the least amourt of light in order to be perceived 
while the latter require the greatest amount of light. These conclu- 
sions hold whether the average limens are taken or the average rank 
order of the different figures for Form x and Form 2 (Table XIII). 
Again the rectangle emerges as the best figure, a result we should 
never have expected from the configurationists’ hypotheses regarding 
the physical bases of goodness oi figures, while the angle and semi- 
circle emerge as ‘bad’ figures. 

There is a final criterion by which we may seek to establish the 
goodness of shapes: the number or percentage of times each figure 
was reported correctly when it was first seen (under conditions of 
Form 1). We have seen how, in the first so reports on form (Form 1 
conditions) so some figures tended to be reported more often than others, 
hence were confused or reported incorrectly more frequently. By 
dividing the number of times each figure was reported as itself (i.e. 
correctly) by the total numker of times it was seen, we get a measure 
of the correctness of report under the conditions of just barely per- 
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ceived forms. The requisite data, taken from Table VIII, appear in 
Table XIV wherein it will be found that the rectangle was reported 
correctly more often than any. other figure and.the triangle, which 
was reported most frequently, was confused the largest number of 
times with other figures. Thus the triangle which seems to be the 
best figure from the point of view.of tendency to be present phenomen- 
ally, would be adjudged the poorest figure in 80 far aa its tendency to 
be confused or reported incorrectly is concerned. t is noticeable 
that the angle and semicircle get second and third positions by this 
criterion, showing that they are not so often mistaken, when reported, 
as other figures. The circle, supposedly a perfect figure from physical 
considerations, appears third from the bottom. 


TABLE XIV 
PERCENTAGE OP Trucs Evnny Figur was REPORTED CORRECTLY 
Rectangle 92.0 .—. Qirole 85.8 
Angle 90.9 Square 83.7 
Semicirele ` 87.3 Triangle 63.4 


What then does one mean by a good figure or a poor one? What 
reason have we for choosing one criterion of goodness rather than 
another? And if the results from different criteria do not agree, 
what generalizations can be drawn regarding goodness of form? If- 
observation furnishes no single, univocal criterion of goodness, re- 
course to physical considerations followed by inference to phenomenal 
properties confounds confusion the more. The circle which should be . 
a good figure from considerations of physical Gestalten stands first in 
none of our lists according to none of our criteria. Is goodness of 
form a matter of simplicity, compactness, differentiation, homegene- 
ity or what? How should these terms be interpreted, in the language 
of physical distributions of energy or from the standpoint of observa- 
tional behavior? If we are to be guided by physical considerations, 
then the circle which represents a balanced, minimum distribution of 
forces should be the best figure as has been asserted. In observation 
it might be said to be simple since it is a more homogeneous figure 
than the rectangle and triangle. ` But simplicity and other descriptive 
concepts, as Koffka has pointed out, require functional (and quantita- 
tive) tests. By none of our functional and quantitative tests did the 
circle qualify as the best figure. Unanimity as to what constitutes a 
‘good’ figure in crude observation has not yet been reached and when 
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we come to experimental tests of the concept its ambiguity is more 
apparent than ever.5 What may be a good figure according to the 
judgment one makes in looking at a drawing under everyday condi- 
tions, or a good figure according to the shapes assumed by soap 
bubbles, or the behavior of figures in gamma movements, cannot be 
generalized into an all-pervading law and made the basis of a system 
of psychology. Worse still, the whole problem is further complicated 
by the fact of individual differences which we now discuss. 

(5) Individual differences. The 4 Os in our experiments seem to: 
fall into three groups so far as the influence of form in perception is 
concerned. An inspection of the individual results in Table VII for 
Form x and Form 2 shows that some Os are affected much more than 
others by the factor of form and at least one O is not affected at all or 
does not respond to form as such. Thus, for Form 1, out of a possible 
60 significant differences (15 for each O) we find 20 each for D and 
H,” 12 for M, and o for Z. The results for Form 2 follow closely 
those for Form 1: 22 for D, 20 for H, 10 for M, and 4 for Z. 1t would. 
appear that Os D and H are most amenable to the form factor in 
perception, M less amenable, and Z probably absolutely uninfluenced 
by form, even when fcrms are seen. "These results, moreover, are 
what might be expected, both on a priori grounds and the findings of 
previous investigators: some Os respond rather easily to the form of a 
stimulus complex and all that it entails, other Os do not respond at 
all, and still others (if the ‘trait’ is normally distributed) fall in be- 
tween the first two groups." How, then, is it possible to assert that 
form is a primary datum for all Os, that it is first in the history of the 
individual and the race, that it is constitutive in perception and be- 
havior? Even under the conditions most favorable to form as such, 
t.e. when the Os were required to report the form seen, some Os fail 
to discriminate between forms or to be affected by the shape of the 
stimuli. Having found that it is impossible to set up criteria govern- 
ing the effectiveness of form qua form, since various criteria give 

"Ruprecht Matthaei (Das Gestaliproblem, 1929) has discussed the Rapp ai 
with trying to settle what a ‘goad’ configuration is. It might well be asserted 
that while the circle is simple it is not mem , hence not a ‘good’ configuration. 

See ngte 22 for the explanation of the number of significant differences when 
individual figures are counted and added. 

21 Differences in individual reactions to the form factor in perception have led 


some writers (Benussi, Seifert) to assert that we are dealing with a difference in 
'. If so, it would be interesting to discover,if there are any correlations be- 


tween susceptibility to forms or lack of it and other, perhaps more complex; 
functions. For a further discussion of types, see H. Helson, op. ctt., 210 ff. 
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contradictory results, we now find that it is impossible to legislate for 
all'Os regarding any influence of form whatsoever since some Os are 
apparently unaffected by differences in forms, even when set to ob- 
serve them. We are therefore forced by our experiments to deny that 
the factor of form is always or even, as Kohler has tried to ameliorate 
the generalization, “the most important property which a whole may 
have." It may be a determining factor for some individuals in some 
types of experiment, but this is different from the assertion that it 
is the primary or most important condition in perceptual behavior. 
The broad generalizations. respecting the rôle of form in perception 
made by the configurationists constitute another example of the 
fallacy of generalizing from “some to all." 


SUMMARY AND CONCLUSIONS 


We have found that the problem of form is an old one in psy- 
chology, having been explicitly recognized by Mach, Von Ehrenfels, 
Husserl, and Schumann. To the latter belongs the credit for having 
consciously said that certain characteristic properties of figures belong 
to them by virtue of their figural properties. But Schumann was 
careful to point out that the concept of form, of a unity, and such 
terms was ambiguous and might hide important psychological facts. 
One of these facts as disclosed in the present study and confirmed by 
the work of others, is that form is not prior or primary in visual 
‘experience since the limens for light are in every case lower than the 
limens for just barely perceived form and are not influenced in any 
detectable manner by form.. So far as-the light sense goes, form is 
not a constitutive factor and plays no part in determining the value 
of the. lower threshold. Furthermore, the fact that it requires 25 
times as much light to recognize forms correctly as to barely perceive 
light, and nearly twice as much light to perceive forms in a hazy, 
indistinct manner as compared with just noticeable light shows that 
the light sense is mediated by a simpler, more primitive mechanism 
than that for forms. The assertion that forms are first and primary 
in perception therefore falls to the ground. 

Can ‘generalizations be made regarding goodness of form, suppos- 
ing forms are perceived? Our quantitative results show that differ- 
ent criteria favor different forms: the form requiring the least amount 
of light is the rectangle; the form reported the largest number of 
times on the barely perceived level is the triangle; the form confused 
the least number of times with other forms is the rectangle; the form 
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requiring the fewest number of re&xposures for so correct and certain 
reports on form is the rectangle; the form appearing neither good nor 
bad according to any criteria, the circle. If we were to choose the 
best form on the basis of all our criteria taken together, the rectangle 
would get first place. The circle, from the configurational point of 
view the best figure, never received first place according to any test, ` 
nor should we be led to expect from their considerations that the 
rectangle would have shown up so well. 

Generalizations concerning goodness of form afe still fürther 
complieated by the fact of individual differences: what emerges as the 
best figure according to group results does not necessarily hold for 
each member of the group: thus for some Os square and triangle have 
& lower limen for form than the rectangle. Finally, it appears that 
not all Os are equally affected by the form factor:.one O showed no 
significant differences in her limens even when forms were being re- 
ported upon; another O shows so few that it is doubtful if they are 
significant; the other two Os seem to be affected by some forms and 
not by others. 

We are thus led to conclude that while form may play some part 
in certain fields of perception, it has played, all in all, relatively little 
in these experiments designed to show its influence.. That the. con- 
figurationists have’ over-emphasized and over-generalized the impor- 
tance of form as such seems to us to be borne out by the results of 
this study. 


A GENETIC STUDY OF COLOR NAMING 
AND WORD READING 


By Ernzer Marrimip Ligon, Union College 


The normal adult requires a longer time to name colors than to 
read the names of the colors presented as words. This fact has been 
known for more than so years, during which time & number of studies 
have been made of the problem and a number of theories advanced 
in explanation, but the problem is still unsolved. It was, therefore, 
in the hope of gaining further knowledge of the phenomena which 
would lead to the ultimate explanation, that the present study was 
undertaken.! ` 


EXPERIMENTAL PROCEDURE 


The observations for the present study were made in the public schools of 
New Loridon, Connecticut. The experimenters were students of psychology in 
Connecticut College. Each experimenter was provided with the Woodworth- 
Wells color naming test. A word reading test was prepared, which was a type- 
written sheet containing 100 words, the names of the colors on the color naming 
test. The two tests were made as nearly identical as possible, except that one 
contained the colored squares and the other the names of the colors. The two 
tests were arranged in reverse order so that the sequence of responses in them 
would not be identical. Time was taken with a stop-watch. 

The experimenters were divided into two groups. Group I presented to their 
Ss the color-naming test and then the ward-reading test. Group II reversed this . 
order. This was dohe to equalize in the averages any effects of practice and 
fatigue. A record was kept for every S of the name, sex, age, school grade, time 
for each test, errors, and any unusual observations. Later, class marks were ob- 
tained for two grades and intelligence test scores for seven. 

. The Ss used from the rst to the 6th grade constituted the entire student body 
of one public school, thus including all grades of intelligence and an approximately 
equal number of boys and girls. The 7th, 8th, and oth grades were in different 
schools. Caution was taken to assure the presence of arandom sample of each grade. 
In all except the gth grade, pupils had been divided into at least two and sometimes 
three sections, called A, B, and C. This division had been made in an effort to 


*Accepted for publication November 15, 1930. 

1T am indebted in this study to my students at Connecticut College who acted 
as experimenters; to the public school authorities of New London, Conn., whose 
permission to work in the schools made the study possible; and to the teachers 
2i pupils 2 the schools whose hearty coóperation was necessary to the success 
of the work. 

*R. 8. Woodworth and F. L. Wells, Association teste, Psychol. Monog., 13 
1911, (No. 57), 1-85. n 
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have the best students in section A, and the poorest in C. This sectioning was 
also recorded in the experiment, thus affording a rough intelligence classification, 
which for group comparisons might be reliable. 

The experiment was conducted during school hours with the most hearty 
coöperation of both teachers and pupils. 


RESULTS 
An analysis of the data obtained will now be presented. The 
problems on which data are available are as follows: (1) a comparison. 
of the time required for the color naming and word reading functions, 
with Ss classified both by school grade and chronclogical age; (2) 


TABLE I 


AVERAGE Tram rog Coton Namna AND Worp Raapina 
Trusts BY SCHOOL Grape 


(The numbers in parentheses are the medians) 


Grade No. Colors P.E. Words PAE. Dif. PE. Dif./PE 

I 76 130.2 a.d IO0.6 2.9 29.6 3.4 8.7 
(123.0) (93.0) (30.0) 

II 83 107.4 1.7 79.6 I.7 27.8 2.0 13.9 
(107.0) l (75.0) |. (32.0) 

II 69 90.7 63.2 1.5 275 2T T31 
(89.0) 1.6 (59.0) — (30.0) 

IV 74 88.3 59.6 1.0 28.7 1.3 22.1 
(87.0) r.a (58.0) . (29.0) 

V 75 810 52.1 .6 28.9 1.0 28.9 ` 
(80.0) 1.2 (50.0) (30.0) 

VI 84 77-3 . 80.5 T 26.8- 1.3 20.6 
(75.0) 1.3 (49.5) (25.5; 

VI 59 73.5 I.I | 45.0 45 28.5 I.I 25.9 
(72.0) (43.5) (28.5) 

.VHI 64 68.7 1.6 45.3 7 34.4 1.6 14.6 
(68.0) (45.0) (23.0). 

IX 54 69.1 I.I 45.8 6 23.3 I.I 21.2 
(69.5) (46.5) (23.0) 

Total 638 


the correlation between these functions; (3) the relationship Seven 
each functian and the difference.between them; (4) the relationship 
between each function and intelligence; (5) the frequency of errors 
and the reletionship between the two functions for erring; and (6) 
sex differences in the two functions. 

(1) Time required by the two functions. In Tables I and II are the 
general results of the investigation. From them we may compare the 
temporal relations of the two functions. 
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Table I shows & comparison of all Ss, classified by school grades 
for the two functions. Attention is called to the very large number 
of cases, since this increases the reliability of the averages computed 
from them. 3 

The average will be used as a measure of central tendency through- 
out the paper. The median is shown in this first table to show the 
very small difference between the average and the median. This 
justifies the exclusive use of the average as a measure of central. 
tendency. 


In Fig. x the data are presented graphically. 


AVERAGE 





GRADE 
Fig. 1. Coton Namna Comparmp wiru Worp Reaping 


It will be observed that in both functions there is & progressive 
increase in speed throughout the range tested. The improvement 
in the first few grades is much greater proportionately Than in fhe 
last grades. This resembles most learning curves and immediately 
‘suggests that both functions contain some factor which is practiced 
in the normal education of the subjects. 
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The most striking feature of these data, however, is the approxi- 
mate constancy of the difference between the two functions. The 
curves of the two functions are almost parallel. The curve of the 
difference is nearly a straight line, showing almost no decrease from 
the rst to oth grades. This difference between the two functions 
is the phenomenon which we are studying, and this feature of it will 
be of the utmost importance in its interpretation. | 

The probable error of the difference is so small as compared to 
the difference itself, that there can be no question of its reliability. 
It will be seen that it is always much more than four times its P.E. ' 


TABLE II 


ÁvzRAGE Tum For Coton Namna AND Worn Rmapine 
TESTS BY CHROXOLOGICAL AGES 


(Ages 17 and 18 yr. not added because of the small number of cases) 
Age No. Colors P.E. Worcs P.E. Diff. P.E. Diff./P.E. 


6 16 128.8 6.0 103.5 4.7 25.3 6.9 3.7 
7 54  I28.9 .8 . 92.5 3.0 36.3 4.8 7.5 
8 78 107.2 1.8 . 80.5 1.6 26.6 2.4 II.O 
9 52 97.0 2.3 73.4 2.7 : 23.6 3.5 6.7 
10 74 89.6 I.5 55.0 I.I 34.6 I.9 18.2 
II 78 83.5 , I.I 55.4 .8 28.1 I.4 20.I 
I2 86 79.5  1.I 52.8 LI 26.7 1.6 16.6 
13 42. 75.3 1.5 | 57.0 .g 18.3 1.7 10.8 
I4 80 74.7 I.2 48.9 1.0 25.8 1.6 16.1 
I5 37 70.6 I.0 46.5 .8 24.I I.3 18.6 
16 I5 71.1 2.2 45.9 1.3 25.2 2.6 9.7 


Table II shows the same data, with the Ss classified by chrono- 
logical age. The range of ages included is from 6 to 16 years. There 
were 3 $8 17 yr. of age and 1 who was 18. These were omitted in 
this table, both because of the unreliability of so small a group and 
because of the obvious selected nature of these samples, due to the 
fact that these Ss are obviously mnch retarded in their school progress 
and are therefore not representative of their age. The opposite may 
be true of the 6-yr. old Ss also, kut since there is a larger group of. 
them, thepahave been included. 

There is very little difference between the data when classified . 
in the two ways. In Table II the differences are slightly more 
variable. But it will be observed that there ts no consistent tendency 
for the difference to become smaller as the subject grows older. Some - 
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of the inconsistency can be explained by the presence of a larger 
number of boys or girls in the age group. There are sex differences, 
especially in the case of color. naming. 

The general results, then, show that older and more advanced 
Ss perform both functions faster than the younger ones, but that the 
superiority of the speed of word reading over color naming is approx- 
imately constant despite age or school advancement. 

(2) Correlation between functions. It has been suggested that the 
color naming function is the same process as the word reading, plus an- 
other process. Ss, introspecting, often insist that thisis true. Ifitis true, 
however, word reading would never beslower than color naming. There 
were a number of Ss in this experiment who did read the colors faster 
than the words. Also, if the hypothesis be valid, there should bea very 
high correlation between relative ability on the two teste. Even if 
the additional process does not correlate highly with the common 
factor, the correlation should in groups be high and fairly constant. 


TABLE III 

ee RELATIONSHIP BETWEEN THE Two FUNCTIONS 
Grade r P.E. Grade. T P.E. 
I .709 .047 VI . .506 .060 
H . 588 .052 VII .275 .087 
IH . 162 .077 VIII . 394 .068 
IV 594 . 502 IX .423 .080 
V .405 .068 Av. -450 . 066 


Table III shows the coefficients obtained between the two func- 
tions in the several grades. While, in most cases, the relationship 
indicated by these coefficients is high enough to be reliable, it seems 
neither high enough, nor constant enough, to substantiate the Foe 
going hypothesis.? 


?During the ent, 17 Ss succeeded in naming the solars faster than the 
eters pem ese, 5 were in grade I, 5 in grade II, 3 in III, and 1 eac 
in grades IV, VI, Vi and IX. Such scores might be due either to unusually 
fast color naming or unusually slow word reading. An analysis of the scores 
seems to indicate that both conditions were present. Of the 17 Ss, 12 made color 
naming scores that excelled the average of their respective grades, and 5 made 
scores poorer than these averages. For the entire 24 the av apnd from 
the mean ‘of their grades was — 12.1 Beo. On the oth er hand, 
words slower than the average of their groups. The average des ton from the 
mean of their grades was eto Of the 17 Ss, 5 excelled their roups in o 
naming by larger amounts than they proved inferior in word rea ; the other 
12 reversed this conditiom These results indicate that both factors then com- 
bined to produce these unusual scores, but that inferiority in word reading was 
the more important of the two. 
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The, correlation between the functions is always positive and 
usually fairly high, showing thet the two functions are certainly not 
entirely independent. Yet, the variability of the coefficient and the 
low level to which it drops, also, indicates that there are some factors 
at least in which the two funccions vary independently. 

(3) Relationship of functiona to differences. Since the difference 
between the functions forms the central problem of this study, 
correlations were computed be2ween it and each of the functions. 
The difference was computed by subtracting time for word reading 
from time for color naming. ‘Those cases in which the word reading 
was the larger number were treated as negative differences. Table 


IV shows these results. 
TABLE IV 


CORRELATIONS BETWEEN FUNCTIONS AND DIFFERENOES 


ON refers to color naming; WR to word reading; Diff. to the 
difference ketween the two. 


Grade r CIN-Diff. P.E. r WR-Difr. P.E. g CN/o WR 
I . 500 .055 — .220 . 083 1.08 — 
II .460 .055 — .400 =- 4063 1.00 
III .563: .047 —.599 .O5I I.09 
IV 544. .047 — .284 .073 I.I4 
V 944. . 008 — .122 .079 I.90 
VI 763 .032. —.062 ' .079 I.73 
VII .355 .025 — .249 .083 1.94 
VIII 746 .038 —.3233 . .077 1.38 
IX 393 .018 — .222 . O9I I.64 
Av. 717 — .274 
Rank Square Diference Correlations 

First series l Secord series Rho 
r CN-Diff r WR-Diff —.49 
r CN-WR r CN-Diff —.56 
r CN-WR r WR-Diff —.33 
ratio of ¢ r CN-Diff + .g0 
ratio of ¢ r WR-Diff —.55 
c CN r CN-WR T.44 
c WR r CN-WR + .47 


*Professor F. C. Chillrud checked these coefficients by computing them by 
- actual plotting as I have done. 


Let us examine this table carefully, for in it there are many clues 
leading to the solution of our central problem; eel, the explana- 
tion of the difference between the two functions. 


COLOR NAMING AND WORD READING 109 


If the two functions were entirely independent, color naming 
being simply a longer process than word reading, certain results 
could be expected. In the first place, color naming would correlate 
positively with the difference, since (except for the chance variation 
in word reading time) the greater the time required for color naming, 
the greater would be the difference. In the same way, in the second 
place, word reading should correlate negatively with the difference, 
since (except for chance variation in color naming time) the longer 
the time required for word reading, the smaller would be the differ- 
ence. In each case, the smaller the relative variability of the other, 
the higher the correlation. All of these conditions are fulfilled in 
the above data. . Color naming correlates positively with the differ- 
ence. The higher the ratio between the standard deviations of the 
two functions, the higher the correlation. The rank square difference 
coefficient between this ratio and the size of the correlation is 0.90. 
Word reading correlates negatively with the difference, and the 
corresponding rank square difference score is —0.55.* 

'There is, however, one further condition which should be fulfilled 
if the two functions are entirely independent; namely, there ought 
to be no relationship between them. There is, however, a fairly 
high relationship between them—it averages 0.450 (see Table III). 

This would indicate a definite relationship between them. The 
two functions are not independent. If the assumption is made that 
- they are very highly related, so that excellence in one signifies excel- 
lence in the other and vice versa, there ought to be much higher 
. coefficients between the two functions than are found, and word 
reading ought to correlate positively with the difference; for in this 
ease, the worse the score for word reading, the worse ought color 
naming time to be proportionately and the wider the difference 
between them. This condition is not found. This hypothesis cannot 
be maintained. 

It is obvious then that the two functions cannot be regarded as 
simple entities, since they are both related and unrelated to each 
other. As will be pointed out in the conclusion, this practically 


` eliminates the ‘practice hypothesis.’ Let us considé6ther Pos 


bilities. 
‘It will be observed that the ratio between the ¢ is computed by dividing the c 


for color naming by that of word reading. Hence the greater the ratio, the rela- 
tively greater is the o of color naming to that of word reading. 


Binet 3 LIGON 
Suppose the eolor ngming function is made up of two factors, 
in one of which it is entirely independent of the word reading function 
and in one of which it is identical. The latter may be referred to as 
the common factor and the former as the color naming special factor. 
The difference would then be a pazt of this color naming special factor. 
This would account for the high correlation between the color naming 
function and the difference and, since there is a common factor, 
between colcr naming and word reading. 
' But, why the negative relationship between word reading and the 
difference? If the common fector and color naming special factor 
were entirely independent, there ought to be a zero relationship be- 


tween them. The only answer is that word reading is not entirely | 


constituted of the common factor, but alsc has a special factor, which 
though very much smaller and less. variable than the color naming 
special factor, influences the cifference, and hence correlates nega~ 
tively with it. 

The common factor, then, zauses the two functions to correlate 
with each other: The special factors cause this relationship to be 
low. It is easy to see that th» common factor constitutes most of 
the word reading function, ‘since the effect of the word reading special 
factor has so little influence upon the difference, as indicated by the 
correlation between word reading and the difference. 

It is in the suggesting of this word reading special factor that I 
have entirely departed from previous hypotheses. It not only per- 
mits an explanation of the data just discussed, but it allows for 
those cases in which a longer time was required for word -reading 
than for color naming. TRE 

That the two special factors are entirely independent is indicated, 
not only by the low correlation between the functions, but by the 
fact that the more each varies. the higher its correlation with the 


difference. Obviously, since the common factor would vary equally ` 


in the two functions, any difference in the variability of the two 
must be attributed to the special factors. The ratio between the o 
of the two functions, then, is a statement of the variability of the 
color naming special factor as compared ta the word reading special 
actor. If they are independent, the higher this ratio, the greater the 
relative variability of the color naming special factor and the higher 
will color naming correlate wita the differenge and the lower will 
word reading do so. The rank square difference coefficient between 
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this ratio and the r of color naming with difference is o.90; between 
this ratio and the r of. word reading with difference is — 0.55. 

The question also arises, as to whether the common factor is 
very variable or not. Any difference in variability between the two 
functions must be attributed to the color naming special factor. 
But of the variability of the entire word reading function, is it all 
in the common factor, in the special factor, or in both? 

If all the variability were in the special factors, since they vary 
independently of each other, the larger this variability the smaller 
would.be the correlation between the two functions. In this case 
the rank square difference coefficient between the size of the standard 
deviations and the r between the functions would be negative. In 
the case of color naming it is 0.439 and for word reading 0.470. This 
indicates that the greater the variability of the functions the greater 
the relationship between them. Hence a greater part of the varia- 
bility must be in the common factor, a very little in the word read- 
ing special factor, and the same amount plus the difference in variabil- 
ity in the color naming special factor. 

Since, according to this hypothesis, the common factor determines 
the relationship between the functions, it follows that the higher the 
correlation between them, the greater the influence of the common 
factor and the less the influence of the special factors. This would 
be indicated in their relationship to the difference. Hence the higher 
the correlation between the two functions, the lower ought to be the 
correlation between the functions and the difference. The rank 
square difference coefficients which express this are in the case of 
color naming —o.37 and for word reading — 0.33. 

It also follows, that since there is improvement in both functions 
with age, but with a constant difference, that it is the common factor 
which improves, whereas the special factors do so very little. This 
would indicate that the special are organic in their nature, whereas 
the common factor is a learned reaction. 

(4) Intelligence. It will be valuable for the understanding of the 
problem, to find out whether either or both functions are related +o 
intelligence., Three measures were secured in this experiment which 
might be expected to be measures of intelligence. In 2 guagdemeluidamme 
marks for the year were obtained. In 7 of the 9 grades, intelligence 
test scores were available. In all the grades, except the oth, there 
were two or three gectiorfs of each grade, made on the basis of school 
success. We have very little confidence in any of the three sources 
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as accurate indices of intelligence. Group scores should, however, 
be more reliable than indivicual and if the same results are obtained 
from all three sources, that in itself is evidence of reliability. 

Class marks were available for tae 7th and 8th grades. The corre-- 
lations obtained with them are as follows: color naming with class 
marks; 8th grade —o.127, P.E. .036; seventh grade, —o.110, P.B. 
-.094; for word reading with clazs marks, eighth grade —0.328, P.E. 
.o76; seventh grade 0.099, F.E. .c94. It will be remembered, of 
course, that a negative cor-e_ation indicates a positive relationship. 
We should expect that if ths tests are indicators of school success 
or vice versa that high negative cosfficients would be obtained. It 
is obvious that this is not true. Three of the 4 coefficients are approx- 


imately zero. 
TABLE V 
CoRRELATION BETWEZN [Q «ND THE Two Functions 

Grade r. IQ-CN P.E r. IQ-WE P.E. 
I l —.148 095 — .420 -080 
H (007.049 .087 —.324 .079 
III . 125, 092 —.000 |.  .098 
IV — .026 E — .285 .086 
Y .076 122 . 146 .I20 
. VII — OI 09s — ,004 .095 
VIII "^ .192 084 —.143 .085 

Av. l „O21 —.146 


An examination of this table snl” adds to the conclusions drawn 

from the class mark correlations “here are only three coefficients 

. with any considerable size. It mey ta noted that both the significant 
coefficient in connection with set50l marks and the three significant 
scores in this table are in the worc reading function and none of 
them in color naming. 

There is one further lins of ev-dence in connection with this 
problem. The average scores foz the two functions may be obtained 
for the sections of each grade. Mest of the grades were divided 
into three sections; three had caly tvo sections; and the ninth grade 
was not divided at all. It hes thersfore been omitted from Table 

—— ,l0—igh, contains these results. . | | 
| There is more indication c^ inteligence playing a part in this - 
group comparison than in either c the other methods of comparison. 
The same tendency appears, however. While there is some tendency 
in color naming for section A to sxecl section B, and B to excel C, 


i COLOR NAMING AND WORD READING 113 


it is by no means a marked tendency and has several exceptions. In 
word reading the tendency is much more pronounced. There is no 
definite trend in the comparison of differences at all. 


TABLE VI 
AvERAGES FOR SROTIONS OF SCHOOL GRADES 
Color Naming Word Reading Differences 
Grade A BO A B C A B 


I 3118.7 118.2 133.7 85.3 92.7 106.8 33.3 25.5 26.9 
Il: 103.9 105.6 116.3 72.2 85.0 86.5 31.7 20.6, 29.8 


IHI 92.2 89.8 — 64.1 62.6 — 28.1 27.2 

IV 85.4 88.7 94.9 55.0, 61.4 67.0 30.4 27.3 27.9 
V 79.3 82.8 — 51.3 52.9. — 28.0 29.0 — 
VI 74.1 76.0 79-4 48.6 51.5 53.4 25.5 24.5 26.0 

VH 73.8 73.4 — 45.7 42.7  — 28.1 30.7  — 


VII 67.2 73.2 69.6 41.9 47.7 45.9 25.3 25.5 23 


From these data, the conelusions seem tenable that the common 
factor is related to intelligence, and that neither of the special factors 
are appreciably so related. This is indicated by the closer relation- 
ship between measures of intelligence with word reading, in which 
the common factor predominates, than with color naming, where 
the common factor is a much smaller portion. That the color naming 
special factor is very little related to-intelligence is indicated by the 
complete absence of significant differences in the case of the different 
-scores. The word reading special factor is likely to be the cause of 
the relatively low correlation between intelligence and word reading. 

(5) Errors. A record was kept of the number of errors made by 
the Ss taking the tests. An analysis of these records shows some 
interesting features, which will be valuable i in the explanation of the 
phenomenon. 

Table VII shows that the "— of Ss making errors is larger 
in color naming than in word reading. It shows that there is com- 
paratively little improvement in the percentage making errors in 


either function through the nine grades studied. The averages Lu. 


of errors made by those who made errors is very strikingly constant 
for all grades in color naming. It is more variable for word reading, 
though showing little signs of improvement. In most cases, the aver- 
age error for the erring is greater in color naming than in word reading. 
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For the group, the average error Zor color naming is always much 
greater than for word reading, due to the high percentage of Ss who 
make errors in color naming. 

Since the common factor hae been shown to improve throughout 
the 9 grades, and since there is elmost no sign of improvement in 
eliminating errorg, we are almost -orced to assume that the errors 
are found largely in the special fectors. The rank square difference 
correlation between the averages of the errors for those erring in the 
two functions is 0.30, which is curprisingly small, indicating a very 
low relationship between the twa fimctions in the matter of erring. 


TAELE VII 
Errors IN THD To FUNCTIONS 

‘Color Naming Word Reading 

Grade Av. of Av. of 
% erring entire % erring X entire 
erring group grour erring group group 
I 71 2.40 I.71 50 2.65 1.36 
II 63 2.76 I.73 31 1.69 -49 

III 65 2.63 1.70 29 2.18 61 - 

IV 59 2.39 1.40 30 1.90 .59 
Y 55 2.89 1.59 a5 2.47 .42 
V1 68 2.65 1.81 29 1.68 . 49 
VII 58 2.40 l.4I I5 2.33 .35 
VI 57 2.17 I.25 29 1.78 .52 
IX 53 2.14 I.13 - 31 1.47 .46 


It seems especially desirable to: establish the last point. The 
rank square difference coefficient is hardly sufficient for this. purpose. 
Recourse was taken to the individuel cases. A table has been pre- 
pared, Table VIII, in which the average number of errors made in 
word reading is computed for thcse making a given number of 
errors in color naming. Thus in the first column are found indi- 
viduals who made no errors in color naming; in the second column . 
the average of those who made only one error in color naming, and ` 
80 on. The number of cases has >een placed at the bottom, so that 

æ mite of the reliability of ths data obtained may be made. 

An examination of this table shcws that there is a very slight 
tendency for the errors made in one function to predict what will be 
made in the other. Even the averages, hówever, show great incon- 
sistency. Certainly this table afforcs strong evidence of the high 
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degree of independence of the two functions. Sinceit may be assumed 
that most of the errors are due to the special factors, this still further 
establishes the comparative independence of these. That there is a 
very slight correlation indicates that there may be some tendency to 
error in the common factor. 


TABLE VIII 
EN EROTA BETWANN ERRORS IN THE Two FUNCTIONS 
Errors in color naming 


0 I 2 3 . 4 5 6 7 8 9 IO 
Grade l 
I wl 4° 8 20 2.2 © 2.0 1.0 
II .4 | .2 3 4 7 II 2.0 2.0 2.0 Oo 2.0 
. I 3 41.2 .6 .4 I.0 .0 
IV zi .5 5 5 .O 1.0 .0 7.0 
V $|.I <7 6 .8 .0 .3 .0 2 
VI : 2 QA. Vu. CES 4 «8 2.0 2.0 
VII p|- 5 4 .0 2.0 I.5 .0 o 
VIII 4 4° .7 .8 1.0 2.0 
ix £ 3 5 6 1.0 2.0 .0 2.0 
Av. | .3 6 yj 8 S^ ua .8 . 5.5 I.O 1.0 I.O 
No. 249 137 107 69 33 23 . 10 a 4 
TABLE IX 


Sex Durrerences IN FUNCTIONS BY SCHOOL GRADE 
Bold face type indicates those instances in which the differences is more than 
four times the P.E. and 80 statistically reliable 
Color naming Word reading Differences 
Grade Boys Girls Diff. P.E. Boys Girls Diff. P.E. Boys Girls Diff. P.E. 
I 139.7 121.0 18.7. 3.1 413.1 91.7 21.4 2.9 26.6 29.3 —2:7 4.2 
II 108.5 107.4 1.5 r7 83.1 767 6417 25.4 30.7 —5.3 24 


IIl 93.4 86.9 7.5 16 60.3 66.8 —6.5 1.5 33.1 20.1 13.0 2 
IV 89.8 86.8 3.0 1.2 59.9 59.3 .6 1.0 29.9 27.5 24 1.6 
V 85.5 76.9 9.6 1.2 52.0 52.33 —.3 .6 33.5 24.6 89 1.3 
VI 843 72.4 11.9 1.3 51.7 498 IQ .7 32.6 22.6 10.0 1.5 
VII 78.4 689 9.5 1.1 43.8 448 —r0 .5 30.5 241 64 1.2 
VIII 72.5 64.3 8.2 16 45.8 44.9 9 .7 26.7 19.4 7.3 1.7 
IX 71.8 672 46 141 48.4 46.6 1.8 .6 23.4 206 2.8 1.3 


(0) Sex differences. Previous investigators have found girls superigzebebor Sen 
in these functions. No extensive set of data has, Sonde been available for 
studying these differences. 

Table IX indicates that there are very much greater sex differences in color 
naming than in word reading. The girls excelled the boys in color naming in 
every grade, with statistically reliable superiority in 7 of the 9 grades. In word 
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reading, on the other hand, there were 3 grades in which the boys excelled, and in 
only one did the girls have a reliable difference in their favor. 

The logical deduction from this would be that girls are superior to the boys in 
respect to the color naming spesial “actor, not in the common factor, with the 
word reading special factor in doubt. In & comparison of the differences, which 
constitute the major portion of the cclor naming special factor, we find the girls 
with & decided advantage except in the first two grades. There is evidence that 
the greater the influence of the colcr taming special factor, the greater the superi- 
ority of girls; and the greater the influence of the word reading special factor, 
the greater the superiority of bovs. 

TABLE X 
Sexes COMPARED IN Maxine ERRORS 


(Italics indicate sex making best seore when difference is not reliable; bold face, 
indicates sex making best scare when difference is reliable) 


Color Naming | Word Reading 
O5 erring Av. erring Av. group % erring Av. erring Av. group 


Grade B G B G B G B G B G B.G 
. 61 63 828 26 14 16` 47 48 33 80 1.6 

63 49 27 31 17 12 40 26 1.5 16 

49 603 81 24 10 L5 $3 27 80 2.3 

63 47 84 2.5 21.5 18 38 15 17 2.6 

62 45 28 34 r8 1. 24 £8 1.4 1.7 

L7 16 31 24 186 1.8 
64 50 2.8 2.0 1.8 10 14 16 2.0 2.6 
59 50 2.5 17 21.5 9 29 87 18 1.8 
57 52 23 $0 i3 10 $0 32 «JA. 15 


Table X shows that the girls excel :n both functions in the percentage of the 
availing errors. This is especially tru» in respect to color naming. In regard to 
the average errors made by those making errors, the boys excelled in the first 5. 
grades and the girls in the last 4, in coloc naming. The differences in word reading. 
were variable and negligible. The average errors for the groups give the girls an 
advantage, especially in color naming. This shows that it is in the number of 
those making errors rather than in errcrs made in which the girls excel. We may 
conclude, then, that girls show & reliable superiority to boys in the color naming 
special factor. This advantage seems to lie, ‘not in a gener&l superiority of all 
girls over all boys, but in the greater p2rcentage of girls who make a minimum of 
errors. The superiority of boys aver zirls in the first 5 grades in average error 
made by the erring and the reverss in ;he last 4, might seem to be an interesting , 
phenomenon in need of interpretation. The differences, however, are not great at 
any time. Carelessness may be found more in girls and older boys. This may 

e “nxzccothe ror the fact. i 

It was observed that girls tended to be more advanced in school for their 
ages than did boys. This made it desireble to study these sex differences by ages 
as well as by grades. It might be possib_e that the superiority of girls over boys is 
entirely due to their age. Or on the othar hand, if given equal age, the boys may 
not be inferior to the girls in color naming. Table XI shows the differences when 
computed on the basis of age, and its reliability. 
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TABLE XI 
Sex DirynRences BY CHRONOLOGICAL AGEB 


(Bold face type indicates a reliable difference) 


Av. grade Color Naming Word Reading DD 
Age. B G Diff. Diff. P.E. D/P.E.p Diff. P.E. D/P.E.p 
6 1.00 1.08  .08 15.0 I5.1 1.0 22.1 150 L5  —741 
7 132 44  .12 28.4 88 3.2 24.6 77 3.2 3.9 
8 1.85 2.08 .23 12.6 3.5 3.6 13.6 34 4.0 —0.9 
9 2.68 313 45 76 47 16 OF 53 00 7.6 
IO 3.74 396 .22 TOQ 3.2 3.4 . L5 2.3 0.6 13.4. 
II 4.46 4.70 .24 ILI 2.1 5.3 —0.9 1.8 0.5 I2.0 
I2 5.58 5.81 23. IL2 2.0 56 * 3.9. 2.3 17 17.3 
13 6.50 6.78 .28 36 2.9: 1.3 L3 1.7 08 I.4. 
I4. 703 7.36 .33 ' 103 24 43 03: L9 O2. 9.9 
I5 8.59 8.40 —.19 13.6 20 68 ' 3.8 18 2.1 9.9 
I6 873 8.75 -02 62 3.5 1.8 59 3.3 1.8 0.3 


When this table is compared with Table IX, the general trends are found. 
The girls excel still more in color naming. The girls show a little more advantage 
in word reading than in the other classification. This would indicate that the 
calor naming special factor is a product of age and organic, since when girls are 





given an equal advantage in age, their superiority is greater. On the other hand, 
the common factor seems to be in part at least subject to the influence of train- 
ing, since girls show to better advantage when classified by age, where they have 
the advantage in school advancement. 

A study of sex differences, then, shows the girls to be superior in the color 
naming special factor, regardless of classification. The common factor seems to 
' be subject to school advancement, as is indicated when the subjecta are classified 
both by grades and by ages. 


— Discussion. The first hypothesis intended to explain the 
phenomenon was suggested by Cattell.5 He states the so-called 
‘practice hypothesis.’ ‘The association between the color word and 
its name has been repeated so often that it has become automatic, 
whereas in the case of colors a voluntary effort is required." * When 
the data were secured from adult Ss only, this hypothesis was difficult 
to refute. The only effort was made by Brown who had his Ss 
. practice for long periods of time.’ On the basis of his results, he de- 
cided against the practice hypothesis, oes as Lund points out, 
his data can be interpreted in either way.* 

sJ, McK. Cattell, The time it takes to see and name TEA Mind, 11, 1886, 


66 Rd. ae 


"Warner icu Practice in associating color-names with colors, Psychol. Rer., 


22, 1915, 45-5 
' "P.H. Doa. The rôle of practice i in the speed of association, J. Exper. Psychol., 
10, Hi 4247-435. 
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The final test of the praczice hypothesis could only be made by 
a genetic study. This Lund did. If the difference between color 
naming and word reading is entirely due to practice, children before 
the school age ought to read the co-ors faster than the words. But 
when reading habits are acquired, since words are used so much 
oftener than color names, we would expect the two curves to cross. 
This is exactly what Lund conckides upon the basis of his experi- 
-ment.® Starting with s5-yeer-old children, he tested Ss up to ro. 
yr. of age. Unfortunately he dces not show a table, but presents 
only a graph, showing the curves of the two functions. I have 
endeavored to construct a difference curve from his graph, represented 
by the solid line in Fig. 2. 








Lund 
-.----- THIS Study 


Fig. 2. COMPARISON OF THA ‘DIFFERENCE CURVES’ OBTAINED FROM LUND AND 
AND FROM THEG STUDY ' 


(The ‘Diference Curve’ is obtained by DO aanp the time required for word 
from that requirec for color naming) 








He used 50 colors, whereas I used 100. I have, feros, divided 
my differences in half. It is well kmovn that the first half of the color 
naming test is. faster than the second half, so that my corrected 
differences should be slightly greater than his. It is apparent that ` 
except for 6- and 7-yr. old Ss, we have obtained approximately the 
same results. At the 6-yr. old level, I used Ss already in the first 
grade. I do not know what type cf &s he used. But at the 7-yr. old 
level, where his would also be in the public school, I cannot account 
for our very wide disagreement. He used, however, only 6 or 7 Ss at 
each level. This would give much greater xeliability to my results. 


*Ibid., 433. 
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It should be noted, however, that after the 8-yr. old level, his 
differences are almost constant, showing no gradual increase as would 
be expected on the basis of his hypothesis. 

The ‘practice hypothesis’ assumes the independence of the two 
functions. The correlations found between them at the various 
grade levels averaged 0.450. - These two facts seem to me to be quite 
complete proof that the ‘practice hypothesis’ is not tenable. 

There is no doubt that both functions can be improved by practice. 
But it is the common factor which is practiced and not the special 
factors. ‘The practice hypothesis cannot explain the difference 
between the functions. 

Brown considered the possibility of the color naming function 
including the word reading function plus another factor. and found 
that this was untenable.!° The data of my experiment also indicate 
that such an hypothesis cannot be supported. The fact that some 
Ss read colors faster than words is one such bit of evidence. 

Hollingworth suggests that there is a time required for articula- 
tion, plus, in the case of color naming, an association time." This 
is an hypothesis, which like the preceding one, is refuted with the 

— —-gümie facts. In discussing articulation he speaks of the mispronun- 
ciation of the words in color naming, such as “bleen,” “rellow,” and 
the like. But he uses the word reading test as an articulation test, 
in which no such errors occur. He seems to neglect the neceasity of 
an association time in the word reading test, and assumes that the 
association time for color naming is sufficient explanation of the 
difference. This is refuted by the constancy of the difference. If 
association were the only difference, time and practice should narrow 
this difference. Such is not the cage. 

In the study made by Gates, it is significant to note that the test 
showing the highest relationship with color naming was tapping, a 
much more structural function than the other tests used, adding, 
word building and multiplying tests.* This adds evidence to my 

* contention that the color naming special factor is structural. 

Garrett and Lemmon apparently abandon the ‘practice hypo- 

thesis’ entirely." They assert that the difference is due to an inter- 


Op. cit. ff. 
uH p Holliaesarth Articulation and association, J. Educ. Psychol., 6, 1915, 


99-105. 
Fae g S. Gates, Individual, differences as affected by practice, Arch. Psychel., 
8, 1922, (ao. 58), 1-74- 
BH, E. Garrett and V. W. Lemmon, An analysis of several well-known tesis, 
J. Appl. Psychol., 8, 1924, 424-438. 
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ference factor. This factor is Lased on the introspective evidence 
of their Ss. They measure it by obtaining a ratio between the color 
naming test and a color finding ~est. The latter consists of asking 
the S to pick out all the squares of the same color at once. They 
assert that the Ss can recognize the colors fast enough, as is shown 
by their speed in color finding, but are prevented by the interference 
factor, from naming them. Ths question that arises is, why does 
this interference factor not operaze in the word reading test? This 
they do not consider. If S can recognize the color as fast as the word, 
why can he not pronounce it as fast? To be sure, there is an inter- 
ference factor, but it is in the ccor naming test and has nothing to 
do with the articulation process -3 pronunciation. 

Since none of these hypothese: are supported by the data of this 
investigation, it seems. desirable that a new hypothesis be formulated, 
which will explain these date. Surh an hypothesis can only be tenta- 
tive, awaiting further experimentation for its testing. Three experi- 
ments are now under way in the Jnion Laboratory, which will have: 
very direct bearing upon this pro-.em when they are completed. 

As I have already indicated, zhe three-factor hypothesis seems 
tenable in view of these data. Tze question that now arises is what 
are these factors? What is the ccmmon factor? What are each of 
the two special factors? Before arswering, even tentatively, it must 
be stated thet the common factcr may be and probably is a group 
of factors, which are common to both functions. The:same may be 
said of the special factors. 

Perhaps an analysis of each fur3tion may help. In Gib naming, 
the S must recognize the color, must recall its name, and must articu- 
late its name. In word reading, the S must recognize the word, must 
recall its pronunciation, and mus; articulate it. I recognize that. 
this analysis is entirely logical and may not be an actual description 
of the psychological process at all. 

In looking for the common iazcor, there seems little doubt that 
‘the articulation time for both is common. Whether this is sufficiently 
influenced by practice to explain the preceding data is doubtful. 
The recognition process may be s> similar that it will be common ` 
except for the difference in reactic- time to the colors as contrasted 
with the words. A reaction time experimeht, which is now being 
‘done, may give evidence that will help answer this question. 
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The recognition process and the articulation process are both 
evidently necessary to either function. But what happens between 
the two seems likely to form the basis for the special factors. It 
seems logical to assume that it requires more time to translate a 
recognized color into the spoken color name, than to translate a 
recognized word into a spoken word. That this should make color 
naming slower than word reading is a very reasonable assumption. 
But why the difference between the translation time for the two 
functions should have an almost constant value irrespective of age 
and: educational advancement is. difficult to see. 

This seems as far as it is possible to go toward an hypothesis to 
explain the phenomenon, until further data are secured from the 
experiments now in progress. 


SUMMARY AND CONCLUSION 

The Woodworth-Wells color naming and a word reading test, 
consisting of a sheet on which the color names as found in the color 
naming test were listed in the same order, was given to 638 Ss ranging 
from the 1st to oth grades in school and from 6 to 18 years of age. 

. (x) There was a progressive improvement in the performance of 
both functions throughout the range of those tested. 

(2) The differences between the two functions remained remark- 
ably constant throughout the 9 grades. Color naming was consis- 
tently poorer than word reading. Only 17 Ss gave opposite results. 

(3) There was a fairly high correlation betweer. the two functions. 
The relationship between color naming and the difference between 
the functions was positive and high, and that between the difference 
and word reading was negative and relatively low. 

(4) The assumption that there was a common factor for the two 
functions and special factors peculiar to each was defended statisti- 
cally. If this assumption is true, there was a very low correlation 
between the two special factors and between each special factor and 
the common factor. 

(s) An analysis of the errors indicated that they were in the special 
factors more than in the common factor. 

(6) Measures of intelligence correlated low with the i56 funetions. 


‘There was evidence of a*higher correlation with tig common factor : 
than with the special factors. i 
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(7) The low relationship befween tendency to err in the, two 
‘functions added evidence of the independence of the special factors. 
(8) Girls excelled the boys consistently in color naming. No 
greet differences were found in word reading. 

. While previously suggested Irzpozheses for the ability to read the ` 
words faster than the colors have been shown untenable in the light 
of the data of this study, no new hy»othesis beyond the three-factor 


theory could be offered. Unqueszionably recognition, mental trans- . ` 


lation of the stimulus into the response, and articulation are factors > 
likely to -be found among the three factors. 


UNSYNTHETIC MODES OF THINKING AMONG ADULTS: 
A DISCUSSION OF PIAGET’S CONCEPTS : 


By Toropora MEAD ABEL, Sarah Lawrence College 


The difference between the modes of ‘logical’ or coherent thinking 
in the child and in the adult, as revealed through the medium of 
verbal exchange, is generally conceded to be characterized by in- 
ability to analyze and discriminate, to use integrated symbols, to: 
form noetic syntheses. According to Pinget,! this defective synthesis 
on the part of the child manifests itself not only by way of too little 
synthesis, by inadequate expressing of relations of cause and effect, 
by irrelevant sequences in the train of thought, but also by exagger- 
ated synthesis, by the tendency to bind everything together and to 
justify by ingenious devices. These two ‘prelogical structures,’ lack 
of synthesis or juxtaposition, and excessive synthesis or syncretism,? 
are due not merely to lack of maturity on the part of the child, to 
insufficient scholastic training in the use of grammatical forms and 
symbols, to inexperience in the world around him, but also and pri- 
marily, as Piaget believes, to the fact that the child is not entirely free 
from the ‘egocentrism’ that characterizes all autistic thinking, dream- 
ing and day-dreaming, as opposed to ‘logical’ and synthetic thinking? 
Because of this self-centered attitude, the child employs in his verbal 
communications juxtaposed and syncretic modes of expression, since 
he is under no compulsion to understand or make himself understood. 
Tt is only through the interplay of greater maturation and the exi- 
gencies of the world around him that he is shaken out of his egocentzic 
point of view-into a more socialized and objective one. 

; Accepted for publication September 26, 1931 
JR), Ti Te Jugemeus et le raisonnement l'enfant (referred to hereafter as 

»Juxtapositions and cretisms are found not only at the level of verbal 
intelligence or of logical thought, but at the perceptual level, the level of sansori- 
motor understending J R,77. |. ' , 

*Piaget places the ‘lo ' thinking of the child intermediate between the 
autistic thinking of child and adult, and adult ‘logical’ thinking. In fact, he 
shows that syncretism is a link between the Freudian mechanisms of condensazion 


and displacement and the generalizations and abstractions of synthetic thouzht. 
Le langage et la pensée ches l'enfant (hereafter referred to as LP), 1923, 207. 
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Now Piaget recognizes the fact that the adult is not entirely free 
from ‘egocentrism’ when he thinks logically, so that juxtapositions 
and syneretisms may persist in his verbal exchanges, particularly in 
novel or complex situations, or unde: the stress and strain of emotion 
(bad humor or passion), which reduee him to the level of infantile or 
semi-autistic psychological functioning. But from his observations 
of'and experiments on children at tha Institut J. J. Rousseau, Piaget 
was struck by the apparent frequeney with which these unsynthetic 
verbal expressions occurred among children; predominantly at the: 
. younger age levels while disappearing at the older ones. . 


Unfortunately, Piaget did not make us» of his technique of investigation’ in 
analogous forms on adults or on other gsoups of children before drawing his 
conclusions.’ Isaacs, at the Malting House School, working with a group of 
young children superior intellectually and im cultural background to the children 
at Geneva, employed Piaget’s method of racording conversation, questions, and 
explanations. She found some instances of egocentric or gyncretio logic, but no 
hard and fast “mental structures” of first, egocentriam, then socialized logic; 
but rather a “continuous advance in the scope and clarity of noetic synthesis.” 
Tsaacs believes as does Piaget that the adult may also be egocentric, particularly 
in affective aituations, unfamiliar issues, whan taken unawares, or influenced by 
religious prejudice or social tradition.’ 

In a recent article, Piaget has replied to Isaacs, admitting that the age 
levels where childish structures of thought Cisappear are certainly dependent on 
the intellectual capacity of the child, ss wall as on his cultural heritage; and 
furthermore, he adds, it is perfectly possible for juxtapositions and syncretisms 
in different fields of interest, of conceptual knowledge, or at different levels of 

‘consciousness’ (sensori-motor or verbo-inteliectual), to disappear by means of 
a stagger system.’ 

One investigator, Huang at Smith Coll zge, had the advantage of placing 
both children and adults in an identical experimental getting)? He employed 
one of Piaget’s methods, that of asking the Ss Zor the causal explanation of strange 
phenomena (conjurer’s tricks, optical illusiens, a less familiar physical force 
opposed to a better known one) that were preserited to them.. His Ss consisted 
of a group of young children from professioral families and a small number of 
college students. He was interested primari-y in getting at attitudes and con- 


4LP, 131; JR, 7 

‘Piaget em oe three methods: (1) the recording v eee of s ae 
ous Piaget employe ‘of sia (2) the recording and g ofc 
answers to nou a uestions; an d (3) the giving of tests and t to be erlormed. 

"In justice s o Piaget, it shoul said that he ia not blind to this 

78. Growth in Young CFildren, 1930, 92-93. 

lo Doe D. orent ital chez les jeunzs enfants, Mind, 40, 1931, 1 [pios 

*In his boo peer gives the impression that. that he a accepts definite 
age levels; i.e. juxta Tea and syncretisms of perception disappearing at the 
age of 7- dB yr.,. ros of verbal intelligence at II-72 yr, 

YT, Huang, Children's explanations of strange phenomena, Smith Coll. Studies 
in Psychol., 1930, No. I. 
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cepta (magical or natural), but he also discussed the question of logical thinking. 
He contended that the adult was more capable of synthesis than was the child, 
but that in the case of both there was distortion of the material, “modifications, 
supplementations and falsifications of the data of observation and memory be- 
cause of the subjective character of the explanations. Huang did not discuss 
how far these distortions were.in the nature of syncretisms, but he did say that 
he found both the children and the college students capable of explaining cause 
and effect as far as their knowledge and experience allowed, and of not giving 
mere juxtaposition of ideas not implying active causation. 
The preceding discussion suggests that the presence or absence of 
-syncretic and juxtaposed verbal expressions is not entirely a matter 
of whether child or adult is doing the understanding and thinking, 
but dependent rather on the type of individual (child or adult), the 
extent of development of his psychological functions (t.e. intelligence), 
his past experiences, his organic set-up at the time of being observed, 
.&nd his cultural heritage. Therefore any results obtained will vary 
with the naturé, the difficulty, and the complexity of the material 
handled by the individual. 

For this reason, we decided to repeat some of Piaget's work on a 
group of adults, not as Huang had done by presenting identical 
material to both children and adults, but by offering an experimental 
setting which would be considered difficult for the Ss in question. 
This method would exclude any direct comparison with children, but 
would reveal whether and to what degree an adult resorts to the 
use of juxtapositions and syncretisms in his language communica- 
tions, in a particular setting where presumably he is not day-dreaming 
or thrown off his guard by any appreciable emotional attitude. 


METHOD AND PROCEDURE 
One of Piaget’s procedures, which he believed to be successful, in getting at 
the understanding and thinking of children, particularly in bringing out differ- 
ences in the use of syncretisms and juxtapositions at two different age levels 
(6-7 and 7-8 yr.), was that of having stories repeated from one S to another. 
# told a child he would read him a story to see how well he could tell it to another 
child. The first child, the 'explainer, was sometimes asked to repeat his stcry 
to E before proceeding to another room to tell it to the second child, the ‘repro- 
ducer.’ At other times the ‘explainer’ was immediately asked to repeat the 
story to the Teproducer’ in the presence of E. The ‘reproducer’ was then asked 
to give his version of the story to #, who next questioned each child separately 
as to the different items in the story, not for detail so much as for comprehension 
of the subject-matter.4 A complete record of Sho meus of the story-telling 
oe cit, 176.  BLP, Chap. 
e 'reproducer" Was questioned only on the TM presented to him by 
the 'explainer.' 
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and of the replies to questions was kept. By his technique of questioning, Piaget - 
believed he could find how much more both the 'expIaniner' and the ‘reproducer’ 
understood than they had expressed befo-e the prompting of E, and in this way 
the test became something more than a test of memo-y.!* 

Our task was to find material fairly kard for and somewhat longer than the 
immediate verbal memory span of the adults on whom we intended to experiment 
(college students). .We chose selections -rom articles in the Scientific Monthly, 
on topics with which the students migkt be vaguely familiar, but not being 
specialists would find fairly difficult. Ws used two selections, which we shall 
designate as À and B. A was on the subject of the effecta of climate and was 186 ` 
words in length. B was on the subject of che development of astronomy and was 
187 words long. Both selections contained 13 essential items to be remembered 
and understood. 

As SB we had 42 women students, freshmen and sophomores at Sarah 
Lawrence College, whose ages ranged from 17 to 21 yr., with the median at 19. 
In Series A, 21 Ss acted as ‘explainers’ (X) and the other 21 as ‘reproducers’ 
(Y). In Series B, 20 of the Y Ss of Series À acted as X and 20 of the X Ss of 


The stories ranged from 87 to 147 worcs in length and contained from 9 to 14 
items to be remembered or understood, LF, 116. t employed explanations 
of mechanical devices as well as these sfories, but since the former involved 
gesturing as well as verbalizing, we decided not to introduce a factor of which we 
could not have a record. 

The two selections with divisions into items are as follows: Series A. Man's 
climatic environment affects him in many ways: / His clothing, dwellings, f 
occupations and customs; his nre: and mental characteristics; his system o 
MUTET his migrations; —all are affected to a greater or v 

/ The popup. 18 ag iere unalterable as it is een iban 
Monte uieu declared that the most endurmg of all empires is the empire of a 

ta dominion is invincible. Its lawa must be obeyed, It makes no com 
Bue and PNE aoi / We amy Galuste «Goran of cha cat's ave 
and thus remove Teea from the dominon of its local climate, / but we main- 
tain this change only by unending effort. / E left to itself, the desert will encroach 
upon the irrigated area. / Ancient cities which have been buried in the sands of 
the desert are pues of the dominion of, zlimate, / rather than of the destruc- 
tion accomplished by man. / Man often tHnks that he is i ring nature / 
when he really merely discovers her laws and conforms to them. / We have learned 
to adjust ourselves to some extent to our clrmates, / but we cannot change thoge 
climates. / (186 words). ` 

Series B. The ultimate object of pure aztronomical investigation is to deter- 
mine the form, motions and physical constitation of our universe, in the broadest 
sense. / Even its limits are unknown / and mo serious scientist would be so bold 
as to attempt to set them, / any more than 3e would to the ultimate form which 

man himself wil will acquire under the influence of evolution. / Evolution plays ite 
Dart in the acquisition of knowledge of our iniverse / as truly as in biology, al- 


' though of course not in the same sense. / Theancients first occupied their awaken- 


ing scientific intelligences with the geographical features of their immediate 
neighborhood / and very naturally concluded that the earth was flat, / which 
conclusion brought a large crop of difficuluBs / when they tried to explain the 
motions of the sun and moon. / When they became more observant and took 
thought of the apparent forms of the gun anc moon and of drops of water, / they 
were led to the true explanation of a spherical forth for zhe earth as well as for 
the sun and the moon. / With the inventicn of the telescope a new era was 
opened. / (187 words). 
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Series A acted as Y. The two groups of Ss (AX-BY and AY-BX) were equivalent 
in the scores they made on the Thorndike Intelligence Examination for High 
School Graduates.“ a 

Our procedure was slightly different from that of Piaget, as we were desirous 
of having graphic records of the repetitions, and yet to avoid oral recitations in 
the presence of E, which, we believe, produced an unfavorable getting. The Xs 
and Ys, therefore, were each askéd to make a written record of what they under- 
stood and remembered. The directions to X were: 


'This is an experiment to see how well Jo can repeat to another student what 
you haye remembered and understood of a passage that is read to you. Listen 
carefully, and when I have finished reading you are to write down what you 
remember. When you have finished writing you are to go into the next room and 
read what you have written to your partner. 

These directions were given by E to Y in modified form to meet the re- 
quirements of her task. While Y was writing, X was questioned by E. At 
the end of the experiment Y was in turn questioned by # (not in the presence 
of X). l 

The experiment was carried on during the spring term of 1931. 

RESULTS 
We obtained the following numerical results: 
) Series A Series B 


Av. no. of items repeated by X to Y.......... 7.471 3: 1.161 6.603-1.649 
E (57%) (51%) 
Av. no. of items understood by X as a result of 
GUCBUOBIDB 2366.09.40 6521 ee eb gre hese Wek 8.524+1.01I1 7.401.690 
"e (66%) (57%) 
Av. no. of items reproduced by Y.............. 4.235 £1.08 3.70 +1.06818 
57%) (55%) 
Av. no. of items understood by Y as a result of 
QUCEIIONING o oco cc ctw et eer RIEN BE 4.6672-1.057 . ar a 
(62%) (5970) 


These figures give an estimate of the difficulty of the material for the group 
of Ss in question. They indicate that Y recalled and comprehended the same 
relative amount of material as did X in each of the two series, but there is a 


The average score for the 42 students was 65.4 + 9.1, range 44 to 80; for the 
group AX-BY it was 66.8 + 5.6, range 45 to 80; ind for the group BX-AY it 
was 65.6 + 6.1, range 44 to 77. Me " 

17D here is no , of course, that our method of questioning was like 


We correlated the scores for AX, BX, AY, and BY with the Thorndike 
scores, and the scores of AX with BY and of AY with BX, io As method of rank 
differences, translating the p obtained into r coefficients by Pearson’s correction. 
The results were low but pdkitive, ranging from +0.25 to +0.41, but with large 
Probablo errors (0.14 to 0.15), which was to be expected from the amall number 
of cases. 
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sugzestion that Series B was somewhat more difficult than Series A for both X 
and Y, a fact to which we saall turn again when we discuss the frequency of 
the distortions of the materials. The obvious fact that Ss would recall more | 
after the added stimulus of questioning vas also revealed. This was more true 
of X than of Y, however. 

From his averages, Piaget set up four ratios which he considered indicative of 
the various degrees of comprehension: -y, the number of points comprehended by 
X divided by the number of peints or items to be comprehended; 6, the number 
of points X repeated to Y divided by the number of points comprehended by X; 
a, the number of points comprehended Ly Y divided by the number of points 
comprehended by X; and ĝ, tke number >f points comprehended by Y divided 
by the number of points X repeated to Y. Table I gives these ratios for d B 
two chronological age levels and for our two series. 


TABLE I 
RATIOS Ssowine RBLATIVS DEGREES OF CoMPREHENBION FOR X AND Y 
a . p "y ó 
Piaget 6-7 48 61 70 87 
Piaget 7-8 .58 64, 82 95 
Series A 55 62 .66 .88 
Series B 53. 59 57 -89 


Except in the case vel ys our ratios for Foth series seem to be similar to those 
of Piaget for the 7-8 yr. level, in fact, ther are slightly lower. Our y ratios are 
decidedly lower, showing that che texts ws chose were relatively more difficult 
to repeat and to comprehend. 

Piaget did not claim from his high 6 ratios, however, that children understand 
adults better than they understend each other, for he recognized the fact that the 
story as originally told was an adult product prepared ahead in a coherent manner. 
He limited himself, therefore, tc the conclrsion that children do not understand 
each other any better than they understamd the adult. We can conclude in a 
similar manner that our Ss did not unders-and each other any better than they 
undezstood a logical set-up presented to them. 

According to Piaget, the egocentricity oz the child is revealed by the fact that 
he comprehends more than he -epeats." Now, in view of the fact that the 6 . 
ratios are high (very markedly £o at the 7-2 yr. where it is higher than in either 
of our series), it would seem that this deduction is not entirely justified, and that 
the children communicated most of the material they understood and remem-. 
bered. In this respect, the children showed no more egocentrism than did the 
students, so that we should comsider the :ollowing conclusion more adequate: 


We did not treat the resulta bv reliabrity formulae, since there were fewer 
than 25 cases in each of the four groupe. 

“(nly in the case of X, Piagst not .sive the ratio of ition to under- 
Standing for Y. In our experiment, this ratio was 0.95 for Series A, and 0.91 
for Series B. 

“These ratios were lower in tie case of tae expefiment requiring explanations 
of mechanical devices. But here the set-up was different; the explanations were 
made to the children in & manner not so sugzestive of a verbal memory test. 
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depending on the nature and difficulty of the material, the individual shows & 
limitation of comprehension and of verbal memory even after receiving the added 
stimulus of suggestive questioning. 

In analyzing the records in this particular experiment, Piaget made use of 
four criteria of egocentricity (as he had previously done with the records of 
conversations among children); errors of style and grammar, attitude of satisfac- 
tion, the presence of juxtapositions and, lastly, the presence of syncretisms; the 
last two criteria being the ones with which we were chiefly concerned in this 
investigation.” 

Juxtapositions at the level of understanding and thinking are recognized,™ 
according to Piaget, by the absence of order in the recitation, by causal connection 
being not expressed but indicated by a simple juxtaposition of terms, by vague 
explanations in which the why of explanation is omitted, and by the reversal of 
cause and effect (independent of memory limitations), due to the fact that for 
. the child ‘because’ does not indicate a univocal link from cause to effect, but 
rather a vaguer, indifferentiated link (a link of juxtaposition). In the case of the 
storiea, the older children were far less prone than the younger to employ these 
unsynthesized or ‘prelogical’ verbal expressions. 

Among our Ss we found 8 instances (4 made by X Ss in each of the two series) 
of reversals of order in the context. 5 "These juxtapositiong were not due to 
momentary oversight, forgetfulness, or .''glips of the pen," for, as a result of 
questioning, the Ss still stuck to the reversed order which meant that their original 
comprehension had been incorrect. For instance, in AX one S stated: “Because 
of the ravages of war rather than the effects of climate, ancient cities are buried 
in the sands of the desert." The original text read: “Ancient cities which have 


. been buried in the sands of the desert are evidences of the dominion of climate 


rather than of the destruction accomplished by man." This student did not 
comprehend the article as a synthetic whole, the main thesis being that the effects 
of climate are the most powerful factors of destruction in the world. She un- 
doubtedly made use, in interpreting the material, of her past experience about the 
evil effects of war. i l 

We found only 3 cases (1 each in AX, BX and in AY) where there was juxa- 
position of statements without connecting link, thus producing discrepancies of 
logic, and which, upon questioning, the students neither remembered nor compre- 
hended. We give one example, (from AY): “Man has tried to cultivate the land 
and with the aid of irrigation has succeeded. Man cannot control the climatis 
conditions that surround him." 

There were no instances of absence of order in the recital (at least sufficient 
to destroy the proper gequence),*5 nor of the wrong use of ‘because.’ 


The children had had no formal scholastic training, but in the case of the 
students there could be no way of telling how far correct use of language and 
mmar was due to a socialized attitude independent of formal training. Al- 
though we made no point of investigating the attitude of satisfaction, we heard 
uent comments from the students suggesting dissatisfaction with what they 

written. 

— %8ee footnote 2. l 
"Piaget did not give figfires for the frequency of juxtapositions and syn- 


eretigms. . 
"The students were evidently ‘socialized’ in the matter of ‘order’, for they 
frequently inquired as to ite necessity in the written task. 
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Relatively few of our Ss (6 in Series A and 5 in Series B) used juxtaposed | 
verbal expressions, but in view of the fact that, despite scholastic training, greater 
maturity, and more experience in ‘socialization,’ juxtapositions did creep in, 
there is still the possibility of assuming tkat their frequency might be augmented 
by a further increase.in the complexity end difficulty of the presented material. 

The reverse phenomenon, that of synzretism, the result of incorporating two 
' or more separate items into an all-inclusiv3 whole, so that the original significance 
is lost, occurred with greater frequency: « times in AX; 4, in AY; 17, in BX (13 

different Se, 4 having 'syncretized' twice), and 8 times in BY. The students 
distorted the material far more frequently in Series B than in Series À, and more 
particularly in BX than in BY. Eviden-ly, the greater difficulty of this series 
had an effect.on the ability to synthesize :orrectly. 

An instance of a high condensation, waere the first six items of the text were 
misconstrued, can be seen in the record of one S in BX: "The ultimate astronomical 
results by astronomers today can be no more ultimate in prediction than what 
may be the result of evolution in the futuce, evolution in the world and customs 
as well as biologically speaking.’’?’ 

From some of the ‘syncretic’ reports could be tented the set of the individual, 
her ‘egocentric’ interpretation. In AY, ome S was impressed by the statement 
“man only discovers the laws of nature," and having decided that the theme of 
the text was that of "man's finding out or discovering," she wrote: ‘In irrigating 
a desert we are merely finding out the pcesibilities of nature.” And again she 
stated: “Just as if we were to find a hidden city buried the thing would have been 
thera always but we are just finding it out.” Her X partner had not made this 
error, but had kept to the original text. 

` Further ‘egocentric’ trends are revealec by inventions of subject-matter not 
given in the original text. These “pure fekrications” did not occur at the 7-8 yr. 
level, but were more frequently at the younger level, so that Piaget concluded 
that imagination of this sort was an autistic tendency that disappeared very 
yourg.? Contrarily, we had a few cases, 2 in A and 3 in B.” 

.. E we add together the total number 0° errors of commission, the juxtaposi- 
tions, the syncretisms and the inventions, fcr each of the series, we obtain a better 
picture of the greater deformation of Series B. In Series A there were 17 distor- 
tions and in Series B there were 33. 


Discussion AND CONCLUSION 


We do not mean to imply that there is anything new or surprising 
in the fact that material is distorted end transformed when it receives 
individual interpretation, nor that with greater complexity of material 
these distortions will occur oftener. ‘The results of myriads of tests of 
_ memory, of intelligence, of the reliability of testimony bear witness 


*7Seea footnote 15. : 

Piaget meant, of course, “under the coaditions of his experiment." 

"For example, one $ i in AY wrote “Maa believes he can cómmand e in- 
dustries," and another in AX wrote, ' Man may be stranded on a desert with the 
cool wind blowing across his face.” 


~ 
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to this fact, But we have shown that in carrying out an experiment 
on the memory and understanding of adult students, in a manner 
similar to Piaget’s test procedure, both' of administration and treat- 
ment, our results approximated his. The amount repeated and under- 
stood by 'explainers' and ‘reproducers’ alike was equivalent to Piaget's 
7-8 yr. level, except in the ease of the amount of the original text 
retained by the ‘explainers’ (y ratio), suggesting the fact that adults 
do not understand each other relatively better, nor do they impart 
relatively more information, than do children in an one of 
: this kind. 

Furthermore, the adult students as well as iilis children showed 
insufficient and exaggerated synthesis of thought by employing 
verbal expressions of juxtaposition and syncretism, whose frequency 
varied inversely with increase of age in the case of Piaget, and, in 
our case, directly with the complexity of the material. 

As we, have stated previously, Piaget attributes limitation of 
understanding, of ability to communicate one’s thoughts, and the use 
of distortions of logie to ‘egocentrism,’ to the incapacity for self- 
reflection.2° The breakdown of this egocentric or autistic trend comes 
about through experience in the social world and by scholastic training 
as the individual matures, so that in the adult we find considerably 
more ‘Bostalization,’ self-reflection or what Washburn calls “ejective 
consciousness.’ 


Now, assuming the students to be fairly well ‘socialized,’ to have 
developed ‘awareness’ of their own thoughts and of the thoughts of 
others, nevertheless, under the conditions of our experiment (where 
they were presumably free from upsetting conditions and in fairly 
good ‘rapport’),?! this degree of sophistication did not prevent 
. limited understanding and ability to communicate, or reversion to 
` *prelogical’ or infantile modes of verbal expression. 


i *'t has not been our concern in this paper to criticize the use of the terms 

‘egocentric’ and ‘socialized.’ Two good.comments as to their use have been 
made. Markey says the fact is not so much that the child is egocentric, or be- 
lieves himself to be the centre of the universe, as that he actually is the center of 
-his known universe; and that the use of the dom ‘socialized’ is “unfortunate on 
account of the implication that the in tion preceding is not social.” (The 

Symbolic Process and Its Integration in ren, Ea 150.) Lorimer has criti- * 
cized Piaget’s use of the term ‘egocentric,’ too much introversion 
on the part of the child. (F. Lorimer, The er ot eason, 1929, 128.) 


Six records were rejected because of obvious Sn or bad humor on the 
part of the students making them. l 
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Piaget realized the fact that it :s not possible either to oppose or to 
identify the child and the adult," but he did find differences in the 
‘structure’ of thought sufficient to warrant marked comparisons. 
We have seen that these campar-sons hold true only under limited 
conditions; where the material presented is not difficult for the adult to 
comprehend, where one child is inferior-in chronological age, in 
&»ility, or in cultural heritage to enother. We feel, therefore, that a 
more adequate conclusion, and one which would hold true for children , 
and adults of different degrees cf maturity, of experience, and of 
cultural background, would be, that for every normal individual 
(exclusive of the physically diseased, the mentally pathological and 
the emotionally unbalanced) there is some compulsory stimulus- 
situation, requiring coherent or ‘logical’ thought, which will reveal 
his limitations of memory, of undecstanding, of means of communica- 
tion through verbal exchange; anc which will force him into the use 
of unsynthetic or ‘prelogical’ mod3s of thought.” 

"In his article in Mind, Piaget says, “Tout ce qui est donné chez l'enfant se 
Pantani” (re aes et tout ce qui est conné chez l'adulte se trouve déjà chez 

"By this generalization we do not mean to imply that a similar one can be 
made tos thé attitudes and beliefs of children and adults, another field in which 

i has made valuable contributions. We have employed on adults Piaget’s 
method of recording spontaneous conversations over a period of time, in order to 


investigate attitudes and interests, but the work is not sufficiently advanced as 
ye; to predict results. ` 


À QUANTITATIVE ANALYSIS OF INDIAN MUSIC 
By Raura H. GuNDLACH, University of Washington 


In eontrast to the conceptual nature of poetry and literature and 
to the representative character of the plastic arts, music is often con- 
sidered an immediate language of the emotions. Many have claimed 
that music produces its effects ‘naturally’ even upon untrained 
auditors. So far as Western music is concerned, however, there 
stands against this view the recent studies showing the effects of 
practice on preferences for various musical endings, and on the 
emotional quality of various types of chord? These studies indicate 
that previous experience and training may play very important rôles 
in our appreciation of music. Individuals holding a generalization of ' 
such views consider most aesthetic preferences as dependent upon the 
observer’s learned emotional responses to the elements of the artistic 
object. Since this experimental work is too recent to be assimilated 
into aesthetic theory, the arguments used by relativists against the 
. generalizations of classic aestheticians are seldom based upon experi- 
mental evidence. The arguments usually cited may be summarized 
as follows; The ‘canons of art’ are inconstant, holding neither for 
different periods of time nor for different individuals at the same 
time; the origins of many preferences can readily be explained on the 
basis of learning, as many of the psychoanalytic interpretations point 
out; and finally, with particular respect to music, there are marked 
differences in the scales of different peoples as well as in the type cf 
music developed’ with their use, although the strangest music may 
become, with sufficient repetition, a source of great enjoyment. 

*Accepted for publication December 10, 1931. 

See, tor example, R. Wallaschek, Primitive M uste, 1893, 1-326; J. Combarieu, 
Muste: Its Laws and Evolution, I9IO 164-175; ; À. Balz, Music and emotion, J. Philos., 
E D 1914, 236-244; F. Per R. The rh hythm of Sioux and Chippewa music, Art 


rch., 9, 1920, 59 H. Roberts, Study of ee music, Amer. Anthropcl., 
fad. 144-160; & Wilkins illinson and A. Gray, The Mechanism of the Cochlea, 1924, 


*P. R- Farnsworth, Ending preferences in two musical situations, this J OURNAL 
37, 1926, 237-240; Ending preferences amo rei three positions of the tonio 

ord, J. Comp. Psychol., 6 Han 95-102; Concerning art standards, Psychol. 
Rev., 33, 1926, 324-328; CM. ein, The affective characters of the HAE and 
minor modes in music, iy vane. | Psychol., 8, 1928, 101-142. 
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Such suggestive evidence calls for an experimental attack upon a problem 
which has been noted frequently enough, and which has enlisted some meager 
efforts towards solution. Myers long ago declared that to “investigate the degree 
of universality of those signs in verbal and musical language which serve to 
communicate states of feeling, is a matzer of no small interest.” “We would 
. know," he continues, “how faz the modification of verbal language in respect to 
pitch, loudness, timbre and tempo serve es universal methods of communication, 
and similarly how far the feelings of sorrow, joy and the like, which a given piece 
of music evokes in the community that produced it, are shared by members of 
other communities more or lees advancec in, civilization."* Much later Diserens 
added the comment that “the precise infuence of different modes and types of 
music has not been determined, and wats upon an adequate classification of 
musical selections, which mus; probably proceed at first by introspective and 
statistical methods."* Only tentative stess have been made in the direction of 
such an analysis. Balz offers observations on the differences in martial, dance, 
and operatic musico. Densmore, on the supposition that the music of a race 
is an expression of its life, has analyzed the rhythm and melody of a few Indian 
songs. There seems, however to have been but one statistical study, that of 
Watt, who tabulated the varieus intervas in Schubert’s songs and compared 
them with tabulations of the intervals in the songs of the Chippewa and Teton- 
Bioux. Watt found that, for all types of song, the average number of any 
particular interval was practically the same from both sources. 

. Most of the experimental work in murio, however, has centered about two 
other problems. The first —the studies of the physiological and behavioral effecta 
of tones, chords, and music—has been filly though uncriticall reviewed by 
Diserens.* The-second includes the studies of musical enjoyment. These studies 
indicate that the experimenters have often assumed, in their celection and ehar- ' 
acterization (as of ‘sad’ and ‘gay’ pieces) tae very knowledge the present paper 
attempts in part to determine.® 


PROBLEM 


The Dicis of the present paper i8 to determine whether certain 
objective characteristics of a, piece o? music form the basis for the 


(C. = Myers, Ethnological study of musie, Anthrop. Essays Presented to E. B. 


, 236-7- 
M. Disorane, Reactions to musical sti: uli, Psychol. Bull. 20, 1923, 173-197. 
CMD op. cit. —*F. Densmore, op. cù. 
"H. J. Watt, Functions of tke size of interval in songs of Schubert and of 
Chi a and Teton-Sioux Indians, Brit. J. Paychol., 14, 1924, 370-386. 

i M. The Infiuence of Music on ‘Behavior, 1926, 1-224. Here is 
summarized the folk-lore on the eftzcts of musc on animals, on the sick, on workers 
and on its use in myth and magic. The bock concludes with the history of the 
experimental studies, ending with a study by the author himself. 

*Cf., for example, B. Gilman, zu expressiveness, this JOURNAL, 4, 1892, 


Tylor, 


8-576; 5, 1893, J. Downey, A musical ent, 15id., 9, 1897, 62-69; 
Og . Myers do qu Valente re study cf in cr: differences in attitude 
(opus tones, pon J. Psychol., 7. 1913, 68-111; E Individual differ- 

eld, An experimental 


ences in sten to music, ibid., $ 1922, 52- 71; P. 
study of musical enjoyment, this J OURNAL, a8 1912, 245-308; and most of the 


‘studies in The Effect of Music, (M. Schoen, ec.) 1927, 1-273. 


QUANTITATIVE ANALYSIS OF INDIAN MUSIC I35 


mood which it may arouse; and whether these objective character- 
istics are fairly universal, or are largely dependent upon local 
musical traditions. 


Mokon 


The method by which this problem is attacked has passed (RR a number 
of phases. (1) A direct attack upon Western European music seemed out of the 
question; this music has tremendous complexity and it offers no obvious basis 
for classification according to mood; it is divorced from any important rôle in 
daily life; and it alone in the world of music is structurally harmonio in fact. 
The type of music common today is said to have originsted in the fifteenth 
century. Any generalizations based upon a more primitive music, however, 
must be tested upon our Western varieties. 

(2) An examination of folk-music again meets great difficulties. There are 
many ballads i in which some simple melody is repeated for an indefinite number 
of verses, verses which tell a story appealing to a number of contrasting emotional 
attitudes. Non-ballads, on the other hand, very often refer to characteristics 
of a people or neighborhood not shared by other folk groups. — 

(3) The music finally subjected to analysis has been selected from records 
made of North American Indian tribes, The Indian songs have the advantage, 
for our purposes, of. being closely connected with important aspects of tribal life, 


 . and are hence sung upon definite occasions. In consequence they fit more nearly 


g single emotional attitude. This fact is further attested by the brevity of most 
songs, and their maintenance of a fairly uniform character. Again, the songs of 
a number of tribes have been transcribed and published; this allows a check of 
the reliability of the results among peoples of the same general cultural level. 
After the development of standards of classification and comparison with the | 
Indian songs, a group of folk songs were analyzed for comparison. j 

The Indian songs used have been taken from the Chippewa (118 songs), 
the Teton division of the Dakota Sioux (83 songs), the Mandan and Hidataas 
(35 songs), the Northern Utes (31 songs), the Papagos (36 songs), and the Ojib- 
ways (31 songs). All save the songs from the last-named tribe were collected 
by Frances Densmore.? Burton’s collection of Ojibway songs" includes practi- 
cally none but love songs; and frequently he omits the metronomic rate or even 
a general indication of the speed of the song. This is not as bad, for our purposes, 
as Gilman’s little collection of Zuni songs” which give not the slightest indication 
of what they are about or when they aresung. The folk songs used in comparison 
include representatives of Irish, English, Welsh, Scottish, Swedish, Germen, 
Italian, Slavic and Asiatic Indian songa.¥ 

The selected songs have been subjected to a fairly complete analysis. The 
‘ major classification of the songs into groups having fairly constant emotional 
tone was made largely on the basis of the situation in which the song was sung. 

"The collections are published by the Smithsonian Institution, Bureau Amer. 
Ethnol., Vols. 45, 53, 61, 75, 80, and 9o. 

uF, R. Burton, American Primitive Music, 1909, 1-284. 

B. Gilman, Zuni melodies, J. Amer. Ethnol. & Archaeol., 1, 1891, 65-91. 

Twelve songs taken from Jrish Country Songs (H. Hughes, Ed.), 1969; 8 from 
Gems D Welsh Melody (J. Owen, Ed.), 1886; 31 from One SUR Folk Songs 
(H. F. Gilbert, Ed.), rgrto. 
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There are three major classes; healing the sick or injured, love songs, and war 
songs. The healing songs form one group. The love songs are further divided 
into three groups; ‘sad’ (parting or absence? of lover, death of lover), ‘gay’ (merry- 
making, trysts), and the remaining, unspszified songs. The war songs are divided 
according to the stage of war-like activity which the songs accompany: prepara- 
tion, in camp, on the war path, scouting, in battle, victory (and scalp dances), 
and the recital of great deeds. War-medicine songs are usually included with 
the war songs, and the love-medicine songs with the love songs. The various 
game, dance, gambling and parade gonge are omitted from treatment. These 
various groups of songs are then compared with respect to their pitch, range, 
speed, types of interval, and types of rhytam. Only the treatment of the intervals 
and of the rhythms needs comment. Intervals were counted under three heads; 
those larger than a third, thirds (major end minor), and those smaller than a 
third. The divisions were made large enough to eliminate any errors in the 
transcription of the intervals into divisions of Western European music. The 
correct intervals are probably not always accessible. The divisions used are 
unsatisfactory in two respecte. There should be a separate division for notes 


sung on the same tone, and there should >e a separate division for fourths. A- 


great deal of difficulty was encountered in making classifications of the rhythms. 
No general scheme, repeated throughout, such as is found in My Country 'Tis 
af Thee occurred, except in the rarest insterces. Although a scanaion of the songs 
with similar titles showed certain genersl resemblances, these could not be 
stated. The common unit of the rhythmic scheme had to be reduced, finally, 
to the extent of a measure or less. The percentage of recurrence of each rhythmic 
unit which was repeated enough to occupy at least one tenth of the song was 
recorded. A tabulation of these rhythms gave so many divergent patterns that 
it took several pages to indicate them all. A utilization of those units that occu- 
pied at least 20% of the song, on the other hand, would have cut out very many 
signifcant occurrences. The tables on raythms here presented, finally, are 
based upon the incidence of the short phrases (about 35) each of which consti- 
tuted at least 15% of the song. It is thus possible for a song to be represented 
in 6 types of rhythm (6 X 15 = 90), or in mone. 

An indication of the reliability of the differences based on data from the 
various tribes may be obtained by comparing the variations of each tribe with 
that cf the entire collection. Since the trikes are not represented by an equal 
number of songs in each category, differences shown by composite tables could 
be due simply to the peculiarities of the music of the tribe most represented. 
Tribal variations will be indicated as the data are discussed. 


RESULTS 


Table I presents a classification of the songs from T tribe accord- 
ing to the various situations selected as emotionally homogeneous. 

Table II presents, by classes, the data for range, pitch, and speed 
of the songs. Many of the differences are statistically significant, al- 
though none of the differences are-greet enough to form the basis of 
any successful predicting. About 2: of the differences are large 


~ 
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TABLE I 
Tus NUMBER or Sones FROM THE Several TRIBES REPRESENTED IN EACH CLASS 


Chip. Chip. Teton- Mandan Ute Ojibway Papago Total 
I It Sioux Hidatsa 


War-songs l 
Organization II 13 18 7 2 I I 53 
War-path — 7 8 3 — I 4 23 
General IO 6 2 3 5 — — 26 
Scout ` — > I — 2 2 I — 6 
In battle 1 4 3 3 — — 13 
Victory . 7 IO 15 . 8 4 I5 62 
Recitatives 2 4 7 I — 2 — 16 
Healing songs 8 — IS — I5 — II 49 
Love songs 
Sad 9 7. 7 2 ne 6 I 32 
Happy 5 5 1 3 — B — 7 
Other - S. I 2 17 — 7 -— 16 
Miscellaneous — 2 5 2 — — 2 II 
Total 58 60 83 35 31 31 36 — 334 
TABLE II 
Tug ÀvgRAGE RaNGB, Darra, AND SPEED or Bacs Crass or Sona 
Range . Pitch of lowest note* Speedt 
Mean c om Mean c m Mean o Tm 
War songs , 
Organiz. IO.6I 1.73 .24 4.00 2.93 .40 91.5 16.87 2 
War-path 8.85 1.68 .35 5.80 3.65 .76 85.5 16.67 3.55 
General 10.27 1.61 .32 3.81 3.10 .61 95.8 20.20 3.96 
Scout 8.83 1.86 .26 4.60 2.22 .91 79.0 22.48 3.58 
In battle 9.92 1.94 .54 4.54 1.98 .55 73.5 15.62 4.33 
Victory 9.00 1.88 .24 4.52 2.80 .36 85.9 19.70 2.50 
Recitatives 9.53 I.41 .35 6.23 2.64 .66 83.7 17.46 4.57 


Healing songs 8.28 2.07 .27 5.96 3.03 .43 80.0 19.85 2.86 


Love songs 
Bad. 9.62 1.77 .3I 5.26 3.66 .65 75.0 I5.18 2.87 
Happy 9.50 2.14 .4I 7.79 4.27 .82 80.0 13.50 2.70 
Other | 9.93 2.04 .51 6.25 3.20 .80 77.8 19.82: 5.55 
Ay. 9.46 5.30 84. 


eee pitch A for 1, A# for 2, B for 3, ete. 
umber of songs represented in certain of these figures is reduced due to 
the fact fue the rate for a number of the Ojibway songs was not given. 
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enough to occur by chance once in a thousand random samplings 
(where the difference between the means is at least 3.08 times the 
` standard error). A few of the D/c values are: ` 

Organization vz. Healing: for range, €.47; pitch, 3.32; speed, 3.11; 

General war vs. Healing: for range, 4.76; (pitch 2.75), speed, 3.90; 
Organization os. Sad Love: for pitzh, 3.75; speed, 4.45; . 

Organization vs. Gay Love: for pitch, 4.12; speed, 3.22; 

General war vs. Gay Love: for pitch 3.90; for speed, 3.29; 

Organization vs. Scout: for range 5.05 . 


TABLE III 


Tun PROPORTIONAL FREQUENCY OF THE DeFFpRent INTERVALS, AND THE TYPRS , 
or Ruvruu Found IN THE VAR:0U8 Criasses oy Sone 
Type of interval Reliability Type of rhythm* 
(percent) of intervals (percent) 
‘large’ ‘thirds’ ‘small’ (by tribes) even uneven rough 


War-Songs . 
Organization 7 22 71 ' 2.31 30 30 40 
War path 8 I7 75 4.80 23 Al ^ 36 
General war 8 I9 73 6.11 28 39 33 
Scout I4 17 69 5.27 O 31 69 
In battle II 23 66 3.83 16 22 62 
Victory 8 2I 70. 3.79 25 24 51 
Recitatives 6 19 75 3.82 31 23 46 
Healing songs 9 14 77 3.31 40 40 19 
Love Songs 
Sad I5 20 ' 65 6.50 42 43 I4 
Happy 9 20 71 8.43 39 32 29 
- Other love I5 20 65 2.77 27 50 22. 


Av. 9 I9 701 . 5.22 31 34 35 

*See Table IV for examples of the varioas rhythmic units. 

The Chippewa in general sing wizh a wider range, greater speed 
and depth than the other Indians; Lut in most cases the mean for 
each class of Chippewa songs varies in parallel with that of the rest - 
of the tribes. We can conclude that organization and general war 
songs are low, rapid, and of wide range. By contrast the love songs 
tend to be high, slow, and of medium range. Healing songs have a 
very narrow range, are moderately slow, moderately high. The 
higher pitch of the love songs is noz due to the fact that some women 
sang, for in those cases the pitch was recorded an octave lower. 

Table ILI presents the general data for types of interval and types 
of rhythm. The reliability of the types of interval has been measured 
in two ways. The first is a measure of consistency. The percentages 


i 
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of the intervals for every other song from a random arrangement of 
each group were averaged and compared with the average percent- 
ages for each entire group. In only 4 of the classes of song were the 
differences for any type of interval as large as 3-4%; these 4 are 
scout songs, war path, happy love, and the miscellaneous love songs. 
The second method consisted in using a fairly elaborate device. A 
table was made giving the percentages of types of interval in each 
class of song for each tribe. (Where two tribes had only one or two 
songs in a given class, these were combined.) A composite distribu- 
tion of the differences of these values from the grand average of 
large,’ ‘thirds,’ and ‘small’ intervals for all of the songs was made. 
The o of this distribution was 5.22. Next, a similar distribution was 
made for the differences of the songs by tribes in each class. Thus, 
Chippewa, organization songs have 4% ‘large,’ 22% ‘thirds,’ and 74% 
‘amall’ intervals. The first and last values each differ by 3% from the 
average song of organization. The values of these o are presented in 
the fourth column of Table III. Two values are less than half that 
for the entire group, and three exceed this value. The low validity 
of the Scout songs is due to the low value of large intervals in the 
Chippewa and the Ojibway samples. In the general war songs the 
Chippewa have but 4% ‘large’ intervals, as opposed to 18% for the 
Utes; the Teton-Sioux, and the Mandan-Hidatsa have but 10% 
‘thirds,’ while the Chippewa have 23%.: In the love songs the 
Chippewa and the Ojibway have many ‘large’ intervals when the 
songs are sad (19% and 22%), and few when the songs are happy 
(8% and. 7%); but the Teton-Sioux have just the reverse (7% ‘large’ 
in sad, 16% ‘large’ in happy love songs). 

The data for differences in types of rhythm are the most striking 
and significant that we have to deal with. The degree of rhythmic 
staccato or punctuation in the songs seems highly correlated with the 
degree of excitement represented by the situation. Comparing the 
three major groups of song with respect to the percentage of rough . 
rhythms, it appears that the healing songs have fewest, the love 
songs next, and the war songs most. An inspection of the values for 
the ‘even rhythms shows just the reverse. The correlation holds 
further within the members of these major groups. The happy love 
songs have more rough and fewer even rhythms than the sad love 
songs. The scout, battle, and victory songs have a majority of rough 
rhythms, while the scout and battle songs have the fewest even 
rhythms. | 
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An interesting comparison can be made between the healing and 
the sad love songs. These two groups are practically the same with 
respect to the proportión of rhythmic units. But they differ markedly - 
so far as types of interval are concerned. While the healing songs 
have the greatest number of small incervals, the sad love songs have 
the fewest of any of the classes; and while the healing songs have the 
fewest number of thirds, the sad love songs have slightly more than 
the average. l 

Tables IV and V present certain additional information about the 
rhythmie units and the incidence of əxtreme values in percentage of 
intervals. From Table V it may be seen that nearly a third of the 
songs composed of 85% or more of very smallintervals are healingsongs. 
Of the remaining 27 songs in this sategory, rr are charm songs. 
The organization of war parties, the victory songs, and the songs in 
battle contribute half or more of thei- songs represented in this table 
to the group having a large percentaze of thirds. . The greatest con- 
tribution to the songs having a high percentage of large intervals 
comes from the sad and unclassified love songs, and, strangely enough, 
from the victory songs. 

The complex facts relative to the general classification of the 
Indian songs in the various items of comparison are brought together 
and summarized in Table VI. Here the war songs are classed into 
two or three groups, and the love songs into one or two groups, de- 
pending upon the closeness of agreement of the members. . A total 
picture of the songs warns us that no pariicular item can be picked 
out and labeled as the typical characteristic of a certain class of songs. 
One can readily see that the characteristics analyzed in this paper are 
not component parts of the songs, but aspects holding simultaneously 
for every phrase of a song; and that the effect of one or another 
characteristic depends not simply upon itself, but also upon the other 
characteristics. The rhythmic units eomposing sad love and healing 
songs are quite comparable in isolation. But the emphasis in the 
healing songs upon small intervals, narrow range, and greater speed - 
makes the rhythmic structures seem quite different. Again, the 
rhytkmic analysis of the gay love and the first group of war songs 
(organization, war path, general), and the analysis of the types of 
interval would indicate that they were highly similar songs. But the 
greater speed, range and depth of the war group changes even the 
apparent character of the analytically similar aspects. Of course the _ 
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words, facial expressions, gestures, intonation, and loudness of the 
song as performed are additional factors of importance which cannot 
be taken into this account at all. 


TABLE IV 
-DISTRIBUTION or Cases or TypercAnL RuvrHMIC Unrrs 
l Songs of 
War Healing Love 


Organiz 
War path 
General 
Scout 
Battle | 
Victory 
Recitatives 
Sad 

Happy 
Other 


Even* l 
22-22 12 4 3 O0 I I0 0 I5 4 0 4 
8 7 3 5 O 2 I5 7 24 I3 8 4 
44 (4) Io. 4 8 o0 2 6 3 13 9 9 a2 
88 ‘0 0 I o O "I o 5 3 3 I 
Other 4 1 2 6 0 4 ' o o 3 O0 
Total 33 12 IQ o 5. 36 II 57 20 23 II 
Uneven* . 
‘62 I I 3 o O 2 2 II 6 2 7 
624 o 2 3 0 oO 2 I 4 4 I I 
422 5 5 5 I o 6 2 Ii 5 3 2 
224 7 3. 6 I I 8 0 8 3 3 o 
4222-2224 2 I 2 i I 2 o 9 o 2 O 
84 2 I 4 o o 2 o 2 o '"O o 
Other 16 9 4 I 5 I4£ 3 13 10 8 Io 
Total 33 22 27 4 7 36 8 56 '28 19 20 
Rough* l 
314 9 2 3 I o 7 4 3 2 2 I 
431 IO 3 o I 6 7 0 8 I 5 o 
31-211 3 I 3 9 Oo g © 3 o o I 
31-3I 5 3 2 Y 2 6 L 2 0 O 0 
22-31 I I 2 I I 5 I I' o 2 0 
13-31 I. 4 I O I 6 I 0 o I I 
Other 15 5 I2 5 IO 32 9 9 7 7 6 
Total 44 19 23 9 20 72 I6 26 IO 17 9 
Grand Total 110 53 “69 13 32 144 35 139 69 59 40 


. *Rhythm, expressed in musical notation, in 16ths., i.e. r'equals a sixteenth; 2, 
an eighth; 3, a dotted eighth; 4, a quarter; 6, a dotted quarter; and 8, a half note. 


There are a number of other factors which tend to decrease the 
reliability of what differences actually exist. Even though we assume 
that the songs are all properly classified, it does not follow that every 
song in each class typifies or expresses the mood of that situation 
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TABLE V 
Tan OccuBRENCE OF Sones WITH EXTREMS VALUES OF INTERVALS 
Songs of 
War Healing ‘Love 
A E 
. e. E d b 
piii 0a Faz 
zu m P» à i 3 E 
85% intervals less 
than third 7 8 O I 4 2 II I' 3 O 37 


33% intervale thirds rr 8 1 2 I4 I 1 4 4 o 46 


20%. intervals greater 

than thirds 3 3 2 1 9 O 4 R 4 5 43 
Total occurring 21 I9 3 4 27 3 I6 I7 II 5 126 
Proportion of all songs l 


of this class ' 40 41 50 31 44 19 33 53 41 31 39 


! TABLE VI 
SUMMARY OF TEB GENERAL Data ON INDIAN Music IN Terms or RANK ORDER 
Type of interval Type of rhythm 





Class Ha Piteh Speed ‘large’ ‘third’ ‘small’ even uneven rough 
Organization | 
war path 5 2 5 I 3 4 2 3 4 
general 
d recitative | : z i 
ria 4 4 3 4 5 
ou | 2 I 2 4 : 2 I I 5 
battle j 5 
Healing the 
sick and -> I 5 3 2.5 I 5 4 4' 2 
wounded 
Sad 3c 3 I 5 . § I 
È 
8 3 (I 4 : 
Gay 6 2.5 3 4 2 3 





The rank order 1 always indicates the class with the smallest value: low range, 
low pitch, slow, and small percentages of types of interval and rhythm. 
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equally well. The old'and established tribal songs that have managed 
to survive several generations might best represent the typical charac- 
_ teristics of a song for & given mood; but there are only a few songs 
known to be old. Our groups actually contain many that are ‘per- 
sonal’ and a number that are relatively new. A second factor that 
decreases reliability is the difference in attitude of the various tribes 
upon the same objective situation. For such people as the Chippewa 
or Teton-Sioux, a war expedition was often a sort of game in which 
horses, or a few safely taken scalps, were the stakes. The Papagos 
were, on the other hand, very pacific, and never went to war against 
their enemies the Apaches except in retaliation. The expeditions were 


TABLE VII 
TYPES or INTERVAL AND RHYTHM FOR Some SPRCIAL GROUPS 
- Type of interval Types of rhythm 
Class No. (percent) (percent) 

large’ ‘thirds’ ‘small’ even uneven rough 
Derision 7 + 8 20 72 36 36 7 
War-medicine I3 5 9 86 44 38 I9 
After killing a warrior 8 7 24 69 13. 7 80 
Death songs 7 12 1745 “Fi 20 40 40 
Scout songs 6 14 17 69 Oo. 3I 69 
Disappointment in love 5 32 II 57- I4 57 29 
Lonesome 8 21 19 — 60 à1 38 3I 
Parting ' 5 16 17 67 40 60 o 
Absence 7 I4 26 60 26 42 32 
Death of lover II 8 18 74 40 36 24 
Happy love X4 12 23 65 20 56 24 


, well organized crusades; a definite routine of activity was required 
especially on the part of the medicine men. The warriors themselves 
had to do certain things on the various nights out from home, in- 
cluding the recital, by members of an appropriate group, of a pair of 
set speeches. Upon completion of the expedition those warriors who 
had killed Apaches were required to undergo a 16-day ordeal of puri- 
fication, involving hardships even greater than those of the warpath. 
It was considered a crime to kill even an enemy, punishable by the ` 
spirits of the dead. Another factor i$ the breadth of the categories 
used in classifying the songs. In order to have enough cases to make 
the differences statistically significant, it has been necessary to include 
more and more dissimilar songs. But now that certain types of differ- 
ence seem to stand out as significant, for the total groups of songs, 
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differences of the same character for small groups of highly similar 
songs will have more significance. Table VII presents the data with 
respect to intervals and rhythms for rx such small, but homogeneous, 
groups. A similar set of 10 groups has been prepared from an analysis 
of the folk songs (Table VIII). This last list is very unsatisfactory — 


TABLE VILI 
TYPES or INTERVAL AND RHYTHM FOR Somm GROUPS OF 
i EunoPrxAN Fork Sonas 


Types of interval Types of rhythm 


Clasa | No. (percent) (percent) 

‘large’ ‘tairds’ ‘small’ even uneven rough 
Prep. for war 5 IO 15 75 20 60 20 
War marches 5 7 IB 75 . 10 30 60 
Vietory songs 2 II 32 64 25 o 75 
War dirge 2 12 17 JI 50 50 o 
. Death of lover 6 I2 17 71 IY .78 II 
Absence, parting 4 9 I5 . 76" 37 50 n 
Lonesome, sad 9 I2 II 9s 56 44 O 
Description of, or | 
song to, love 17 9 16 74 22 69 9 
 Bentimental or serious love 7 6 9 85 50 43 7 
Gay, playful 4 13 17 70 57 4&8 o 


since there are less than ó songs represented in more than half the 
groups. The comparisons that can be drawn are obviously only 
suggestive. "The outstanding characteristics of the data are readily 
seen. It likewise appears that the agreement between the Indian 
songs and the folk songs extends only so far as the major classes 
dedicated to war and love. 


CONCLUSION 


In spite of all these factors of unreliability, the limitation in the 
completeness of analysis, and the limitations of analysis itself, fairly 
straightforward and significant differences stand out between certain ` 
classes of songs which doubtless have a different emotional appeal. 

In conclusion, it appears that at least the dynamic characteristics 
of moods can be communicated by song even when the performers or 
audience have no means of conceptual communication. The depen- 
dence of this communication through the common effects of rhythms 
and tempo upon bodily movements seems apparent; but no such 
. simple explanation seems applicable to the results with respect to - 


r 
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distribution of intervals, or of the range or depth of the song. The 
particular significance of various types of rhythm and interval, range, 
pitch, depth, and their combinations for one mood or another cannot 
be clearly and easily deduced from this Indian: music since the atti- 
tudes and feelings of such peoples in the classified situations are not | 
readily determinable. A determination of the significance of these 
aspects of music could be made, as it seems to me, on the basis of a 
statistical analysis such as the one here presented of a body of West- 
ern European music whose expression of a. particular emotional tone 
had actually been established by the agreement of a number of 
auditors. 


THE MEASUREMENT OF MUSCULAR TENSION AS A 
TECHNIQUE FOR THE STUDY OF EMOTIONAL 
TENDENCIES 


By Euzaszmrg Durrr, Sarah Lawrence College 


Experimental investigation of the ‘emotions’ has shown almost 
uniform neglect of the highly significant changes in the skeletal 
muscles which occur under ‘emotional’ stimulation. Although one 
of the most prominent tkeories of the emotions maintains that the 
prime function of the bodily changes in certain emotional states is 
to energize the muscles,? few investigators have studied directly the 
relation between skeletal muscle changes and emotional states. 
Indeed, many investigators, when observing such muscular changes 
during emotions, have appeared to regard them as entirely incidental 
and in no way an index of the state itself. 


There are, however, & few studies which have been concerned with this prob- 
lem. Golla has reported an increase in tonus of the arm muscles upon presenta-. 
tion of a ‘nocuous’ physical stimulus: Johnson has obtained measures of tension 
in the muscles of the hand during a tapping performance, and in presenting her 
results has advanced the theory that “temperamental differences are indicated by 
differences in tension of expressive muscles under differing stimuli."* Jacobson 
has suggested, as a result of experiments with normal and neurotic subjects, that 
the ‘curve of relaxation’ (the diminution of the knee jerk during a period of ex- 
perimentation) is a possible tæt for nervous hypertension or neurosis. Duffy 
has found,‘ in an experiment with nursery ackool children, that individual differ- 
ences in excitability were definitely correlated with differences in tension in the 


*Accepted for publication November 24, 1931. 

"Thanks are gratefully extended to the Cammittee on Child Development of 
the National Peach uneil for the fellowship which made this investigation 

ible; to the Child Development Institute of Teachers College, Columbia 

niversity for the generous extension of its facilities; to the Department of Psy- 
chology of Columbia Universizy for appropriations for apparatus; and to Pro- 
fessor R. 8. Woodworth for advice and codperation. 

1W. B. Cannon, Bodily Changes in Pain, Hunger, Fear, and Rage, 1916, 215-216. 

TF. L. Golle, The objective atudy of neurasis, Lancet, 201, 1921, 218. 

Buford Johnson, Changes in muscular tension in cobrdinated hand move- . 
menta, J. Ez. Psychol., 11, 1928, 334. 

Edmund Jacobson, Differential relaxation. during reading, me and other 
activities as tested by the knee-jerk, Amer. J. Physiol., 86, 1928, 693. 

‘Elizabeth Duffy, Tensions and emotional factors in reaction, Genet. Psychol. 
Monog., 7, 1930 (no. 37), 65. 
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muscles of the unused hand when the subjects were making discriminative re- 
actions. Luria’ has reported a study of motor reactions during certain associative 
processes and has found that the disturbances of the motor curve (obtained by 
pressing with a finger on a pneumatic appliance) expressed a corresponding affec- 
tive change evoked by the verbal reactions. A few other investigators, including 
Morgan! and Freeman,” have reported increases in muscular tension in situations 
which might be, but were not usually, classed as emotional. ; 

Experiments in this field are obviously few in number. Of the 
available studies only one or two have attempted to demonstrate 
. that individual differences in the emotional tendencies of normal 
subjects may be revealed through differences in tension of the skeletal 
muscles. Because of the importance of the question it seemed de- 
sirable to obtain more conclusive evidence, and the present experi- 
ment was undertaken as an extension of the writer's earlier investi- 
gation. In this study we obtained measures of tension in the muscles 
of both the used and the unused hand while our Ss, 18 nursery school 
children, were making discriminative reactions to pictures, and 
again while they were tapping. These measures of tension were 
related to estimates of excitability and of degree of adjustment to 
the nursery school. Tension during discriminative reactions was 
measured for every S on 5 separate occasions, affording data on the 
effect of habituation upon tension, and on the constancy of individual 
differences in muscular tension. 

' The plan of the study was analytic and exploratory, emphasizing 
intensive work with & small number of Ss. It seems reasonable to 
suppose, however, that & high degree of consistency of results, when 
considered from a number of different points of view, indicates 
reliability of the data comparable to the reliability obtained from a 
single variety of data based on a larger number of Ss. 


EXPERIMENTAL PROCEDURE 


The Se were 18 children in the Child Development Institute of Teachers 
College, Columbia University..° Their ages ranged from 2 yr., 11 mo. to 3 yr., 
IO mo. (median, 3 yr., 3 mo.) 


7A. R. Luria, Die Methode der abbildenden Motorik in der Tatbestands- 
A I Mesi d orco f distraction à d other resistances, Arch. 
e overcoming of action and o r ces, 
Paycholy 35, 35 1916, 42-48. 
euni Changed in tonus during completed and interru ted mental 

work, J. eeu P Psychol., 4, 1930, 309-332. n 
wT wo of the Ss failed to comply with the instructions for the discriminative 
reactions. Their records were discarded. One S could not be obtained for the 
tapping test. The results for discriminative FIR COS are based on 16 Sa, and for 
tapping, on 17 Ss. | 
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(1) Discriminative reactions. The Se were brought to the laboratory in- 
dividually and seated at a small table in front of a screen on which an automatic 
lantern projected a series of 40 pictures at presisely 4-sec. intervals. Theroom was 
slightly darkened and S was instructed to press a key, which sounded a buzzer, 
whehever s picture of an automobile appeared, but to make no response to other 
pictures, which were of a horse and of a street car." The slides were presented in 
approximately random order." The appearence of the pictures and the closing 
of the key were graphically recorded. The degree of pressure upon the reaction- 
key was also graphically recorded by a specially constructed device. 

Throughout the experiments S held in each hand a dynamograph, which gave 
& graphic record of the pressure of his gripJ* A large stylus attached to the . 
dynamograph held in the right hand wes used for closing the reaction-key. Dur- 
ing the interval between successive reactions the stylus was rested upon the base 
of the key. Arm supports prevented strain. Temperature, light, and sound 
were held as constant as was feasible. All experiments were conducted between 
9:30—11:00 A.M. ; 4 

After 2 preliminary practice series this experiment was repeated 5 times with 
every S within a period of 4 mo. The order o: the pictures was altered for every 
presentation. The last 3 series of the experiment differed from the first 2 in two 
respects: (a) a red light was substituted for the buzzer, and (b) between reactions 
the stylus was rested on a fixed support instead of the key-base.!5 , 


(2) Tapping. After the Ss had completed the discriminative reaction experi- 
ments, they were given the tapping test, which consisted of tapping as rapidly as 
possible, first for 15 sec. with the right hand, and then for 15 sec. with the left 
hand. The stylus for tapping was the one attached to the dynamograph for the 
right hand and previously used for closing the reaction-key. In the unused hand 
the S held the dynamograph held in this hand during the discriminative re- 
actions. Graphic records were obtained of the pressure from the unused hand and 
the pressure from the used hand, together with 1-sec. time intervals. 


RESULTS 
(1) Individual differences. Our results reveal marked differences 
between individuals in the tension of their muscles as that was 


UThe picture of the automobile showed a child crossing the street directly in 
the path of the car. , ; 

"Not more than 3 pictures of one kind were presented in succession. 

87 he reaction-key rested on a movable base calibrated for pressure in 50 grm. 
increments from 150 grm. (the weight of the dynamograph) to 850 grm.  . 

“The dynamographs were made of rubber tubing (8 X 1 X 34 in.) plugged at 
both ends with an aluminum drum. They were connected with an air system at 
atmospheric pressure and were calibrated in mm. of mercury from o-210 mm., by 
10 mm. increments. 

“The first change was made because the buzzer proved unpleasant to several 
Ss. The second because pressure during the rest period obscured the record of 

essure upon the reaction-key. Only pressure records obtained after this change 

Garin LLL TV. and. V) gould bo used iA the Tesal 
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measured by the pressure of the hand upon the dynamograph." 
Table I gives the average tension scores, with their m.v., and the 
range of dispersion, for each hand for the discriminative reactions 
and the tapping. The average tension during the discriminative 
reactions for the unused hand was 16.8 + 2.1 mm., ranging for the 
. different Ss from 12.6~21.4 mm.; and for the used hand it was 23.2 
+ 3.6 mm., ranging from 17.2-33.8 mm. The average tension during 
the tapping was: for the unused hand 18.9 + 4.5 mm., range, 10.0- 
30.8 mm.; for the used hand 40.3 + 13.1 mm., range 20.0—73.6 mm. 


TABLE I 
SHOWING THE ÁVERAGE Tension Scores wire Trem M.V., AND THE 
Ranan iN Eacs Tuer 
(Values in mm. of mercury) 
Test — Hand Av. ^ MV. Range 
l high low diff. 
Discrimination unused | 16.8. 2.1 . 21.4 12.6 8.8 


used ° 23.2. 3.6 . 83.8 17.2; 16.6 
Tapping unused 18.9 4.5 30.8 “10.0 20.8 
used 40.3 13.1 73.6 20.0 53.6 


Three questions arise concerning the results. (1) How constant 
are the individual differences? (2) What is the psychological signif- 
icance of the differences? and (3) What, within. the limits of this 
experiment, is the best measure of tension? 


, (a) Constancy during successive performances. The discrimina- 

tive experiments, it will be recalled, were given the Ss s times over 
& period of 4 mo. The data obtained afford information concerning 
the constancy of the individual differences in tension. 


In comparing the tension scores made in these 5 separate experiments there 
are two disturbing factors which must be taken into account: (1) the change in 
apparatus and procedure after Series IT, which partially invalidates a comparison 
of Series I and TI with the later series; and (2) the fact that 9 of the 16 Ss de- 
veloped whooping cough during the period when Series II and IV were being . 
recorded. This suggests that the reliability of these records may have been de- 


. A tension score was obtained for the highest point d by the pressure 
tracing during every 4-sec. interval. An $’s score for each han iring A civan 
series of the experiment represents the average of 40 such een 

for each hand during the 5 series of. discriminative reactions representa an average 
of 200 such scores. 
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creased through the effects of illness and absence. Table IT gives the coefficients 
of correlation" for the tension in the used hard!* during the 5 experiments (Series 
I-V). 

TABLE II 


CoxrriciENTS OF CORRELATION FOR TENSION IN THE Üszp Hanp Doema 
DISCRIMINATIVE Rnacrions 


- 


Series ' I II Mm. IV 
II 74 P.E. o8 | 
HI 34 P.H..17 — 221 P.E. .17 
IV © .33 P.E..16  .2:1 P.E..17  .45 P.E. t4 
V .58 P.E..12  .33 P.E..16  .34 P.E..16  .74 P.E..o8 


There are two instances of & close correlation between series: 
thet of Series I with Series II (r = 0.74) and that of Series IV with 
Series V (r = 0.74). Other coefficients of correlation range from 
0.21-0.58. Table IV shows that the series which correlate most 
closely had the smallest median number of days between them. 
But not only was this true, they had also (with the exception of ' 
Series IV) the smallest number of Ss absent from the nursery school 
for excessively long periods before the “aking of their records. When 
Series III was recorded, s of the Ss had taken no part in the experi- 
ment for 57 or more days, and when Series IV was recorded, 5 of 
the Ss had taken no part for 42 or more days. When Series I and II 
were recorded the epidernic of whooping cough had not occurred, 
and when Series V was recorded it was decidedly on the wane. 

But in spite of specific and of general disturbing factors we obtain 
consistently positive and, under favorable circumstances, very high 
coefficients of correlation between tension ranks of the Ss on different 
days. Correlations might well have been lowered, not only by 
errors in measurement, but by a number of factors which doubtless 
affect tension and which could not ke brought under control, t.e. 
state of the S’s health, his activity immediately preceding the exper- 
iment, experiences of the day, etc. It is to be expected also that 
adaptation to the repeated presentations of the experimental situa- 
tion would proceed at a different rate with different Ss. For these 
reasons correlation as close as that fcund between Series I and II 
or Series IV and V can be accounted for only by assuming (1) that 


' ATI coefficienta of correlation were obtainsd by the method of rank differences 
unless otherwise stated. | 

1#The used hand is made the basis for comparison since, in this experiment, it 
arovod io he a batter measure of tenan than the unused kand, 


MUSCULAR TENSION AND EMOTIONAL TENDENCIES ISI 


individuals tend to preserve their ranks with respect to tension in a 
given situation, and (2) that the technique here employed for meas- 
uring tension is reliable. 

(b) Constancy during the performance of different tasks. It is of 
interest to inquire not only the extent to which individuals preserve 
their ranks in tension in the same situation, but also the extent to 
which these ranks are preserved in different situations. The answer 
to this question would afford information concerning the extent to 
which tension is specific, or a function of the given situation, and 
the extent to which it is general, or a characteristic of the individual. 

In this investigation, it will be recalled, the Ss performed two 
different tasks, (1) making discriminative reactions to pictures, and 
(2) tapping (under instructions emphasizing speed). Many elements 
in the two situations were identical, but the differences were sufficient 
to yield relevant information. 

The coefficients of correlation for tension in the corresponding 
hand during discriminative reactions and tapping were: for the 
unused hand, o.15 + .18; for the used hand, o.50 + .14; and for the 
average of both, o.58 + .12. 

It is apparent, from the results of the used hand and the average 
of both, that individuals tend to preserve their respective ranks in 
tension (though not the absolute value of the tension scores) during 
the performance of different tasks. It seems safe to conclude, there- 
fore, that the tension manifested by ah individual is not entirely 
specific, or a function of the particular situation, but that it tends to 
be general, or to characterize the individual in different situations. 
To what extent situations could be varied without destroying corre- 
lations between ranks in tension there are no data for an answer. 
Our data do indicate, however, that a considerable difference in the 
tasks assigned does not produce very great variations in the tension 
ranks of our Ss. It seems not unlikely that relative degree of tension 
is a fundamental characteristic of the individual, varying, as all 
characteristics do, with changes in circumstances, but varying around 
a central tendency which is different for different individuals. 

(2) Significance of individual differences: (a) Tension and dyna- 
mometer scores. In attempting to determine the significance of indi- 
vidual differences in muscular tension the suggestion occurs that 
these differences may be due to differences in muscular strengta, 
the stronger individual tending to exert greater pressure upon an 
object held in the hand. To test this hypothesis the Ss’ strength of 
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grip was measured by means of a dynamometer. Every effort was. 
made to secure maximum pressure. Three trials were made with 
each hand, and the final dynamometer score was computed as an 
average of the highest score from eack of the hands. Correlation 
of these scores with average tension in both hands during discrimi- 
native reactions yielded a coefficient of ~0.03. Consequently, differ- 
ences in muscular strength cannot account for differences in muscular 
tension. 

(b) Effect of habituation. The significance of individual differ- 
ences in tension of the muscles is disclosed in part through an exami- 
nation of the effect of habituation upon the tension scores. There 
are two ways in which this effect may be studied: (z).we may 
compare tension scores during an early and a later part of a day’s 
performance; and (2) we may compares tension scores during the 
early and later series of the experiment. 

Table III gives tension scores in the unused hand! during the 
first and the last 32 sec. of every series of the experiment. The 
. interval separating these periods was 1 min., 36 sec. The sum of the 
tension scores of every S was obtained for the first and for the last 
period, and from these scores we obtained the median for the group 
for each of the periods. 

TABLE III 
TENSION IN THE UnusED Hanp Durme tae Frasr AND THE Last Turry-Two 
Seconps or THE Day's PERFORMANCE 


Median of sums No. automobiles 
for first for last No. Ss showing pictured* 
Series  32se0. 32sec. decrease increzse nochange first last 
(mm.) | (mm) 32 Bec. 32 Bec. 
I 160 125° 9 3 4 4 3 
H 100 go 8 3 5 4 3 
iit 150 85 9 3 4 2 3 
IV 160 95 I3 2 I 3 4 
V 160 80 I3 I 2 3 2 


"Ihe appearance of an automobile ids & response, and therefore might | 
have affected tension. 


The unused hand was made the basis for comparison because it was assumed 
that tension in this hand would vary less directly with the number of times S 
cloged the reaction-key during a given period. 
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Median tension scores show a decrease from an early to a later 
part of a day’s record, and this decrease appears, not only on the 
average, but in well over half of the individual cases. It seems 
probable that, in spite of the short interval separating the two 
periods compared (1 min., 36 sec.), some adjustment to the situation 
has been effected by S, which is reflected in reduced tension. 

The effect of habituation may be observed also through a com- 
parison of tension scores during early and later series of the experi- 
ment. But in this comparison we meet again the complicating 


TABLE IV 


SHOWING TENSION Scoggss During Every SERIES AND Facrors Wuicg Mar 
Havs Arrecrap TENSION 


Av. no. No.Ss ` No.Ss showing de- 


days absent erease in tension 
Median tension between ` during from previous 
Series (mm. of mercury) ^ records week record 
unused used before rec- unused used 
hand hand ord taken hand hand 
I 16.8 21.7 | 3 
II 13.6 17.9 9 + 11 I3 
III 17.1 . 23.5 IS 8 3 3 
IV 17.5 ^ 22.0 14.5 IO 9. 9 
V 17.4 25.0 4.5 8 9 6 


effects of the epidemic of whooping cough and the changes in the 
experimental procedure made after the recording of Series II. Again 
we are led to conclude that Series I and II offer the most valid basis 
for comparison. Table IV gives median tension scores in the used 
and the unused hand during each series of the experiment, together 
with certain facts which may be relevant in interpreting these scores. 


Series II shows a marked decrease in tension scores in both the 
median and the individual results. Series III, the point at which 
changes were made in the apparatus and procedure, shows an increase 
in tension, in the median and with almost every individual S. Here 
is evidence that habituation decreases tension, and that the intro- 
duction of new elements into a situation increases tension; but the 
evidence for the latter statement is not unequivocal, since the increase 
noted in Series III may be due to the effects of whooping cough. 
Series IV and V fail to show the decrease which under ordinary 
circumstances would be expected. ; 
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However, we have unequivocal evidence of a decrease in tension 
during the latter part of a day’s performance and during the latter 
of the two series recorded before the outbreak of whooping cough. 
This decrease in tension is due, apparently, to habituation, which 
involves in all probability greater ease of adjustment, less useless 
expenditure of energy, less anxious expectancy. 


(c) Tension scores and pressure on the reaction-key. Further data 
on the significance of individual differences in muscular tension may 
be obtained through an examination af the relation between tension 
scores and degree of pressure upon the reaction-key when making 
responses to the pictures. — 

It will be recalled that the reaction-key was constructed to yield 
& measure of differences in degree of pressure exerted upon it. Pres- 
bure scores were obtained for Series III, IV, and V for 15 Ss.% The 
rank of the Ss in total pressure score (the sum of the scores in the 
3 series) was correlated (1) with the average tension in both hands 
during ‘all series of the experiment, and (2) with the average tension 
in the used hand ere Series IIT, IV, and V. Table V presents the 
results.  . 

TABLE Y 


CoxrrromNTS or CORRELATION BETWBEN Tension Scorms AND PazresunE 
on THE HEeAcCTICN-ÉmBx ` 


Both Hands (All series) Used Hand (Series III, IV, and V) 
r .63 P.E. ir = 24 P.E 217 


Pressure scores are closely related to average tension in both 
hands during all series of the experiment (r — o.63), and, surpris- 
ingly enough, are only slightly related to tension in the used hand 
(the hand exerting pressure upon the key) during the particular 
series for which this pressure was measured. Two interpretations 
may be suggested. It seems possible that pressure upon the key 
was an alternative form of expression of tension, so that tense Ss 
who pressed the key with great foree exerted correspondingly less 
pressure upon the rubber grip in the used hand, thus reducing the 
correlation between what might be conceived of as two separate 
measures of tension. It seems possihie, on the other hand, that 


20ne S in the discriminative experiments often touched the reaction-key too 
lightly to close it, because he disliked the sound of the buzzer. This form of re-' 
sponse persisted after the buzzer had been remcved. For this reason his 
scores were discarded. For an explanation of the omission of pressure scores for 
Series I and II see footnote 15, p. 148. 
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pressure upon the key, or force of reaction, is a habit of response 
closely connected with habitual tendencies with respect to tension 
of the muscles, and that these habitual tendencies are indicated more 
adequately by tension scores from both hands during all series of the 
experiment than by the more limited sampling of tension represented 
by scores from the used hand in Series IIT, IV, and V. The suggested 
relation between muscular tension and force of reaction finds abun- 
dant confirmation in ordinary observation. Tense individuals may 
be observed to walk with a heavier tread, speak with greater inten- 
sity, exert greater pressure in writing and, in general, give evidence 
of greater energy of response. Occasionally these effects are masked 
by inhibition; but they are usually observable in greater or less 
‘degree. These general observations must be distinguished from the 
experimental data, which indicate only that high tension scores (when 
the measures are taken from both hands on 5 separate occasions) 
correlate rather closely with heavy pressure on the reaction-key. 


. (d) Tension scores and ratings. Three nursery school teachers 
in daily contact with the Ss were asked to rank them in excitability. 
The instructions were as follows: “Rank the children from highest 
to lowest in excitability, i.e. tendency to become excited. This trait 
should not necessarily be identified with ‘emotionality’ or ‘insta- 
bility.’ Excitable individuals are often described as ‘keyed-up,’ 
'high-strung, ‘tense,” or ‘stirred-up’.”’ After the rating had been 
completed the teachers were asked to describe as fully as possible 
the traits they had had in mind in their classification of the Ss. 
Traits mentioned were the following: high, shrill voice, screaming, 
exuberance, nervous tension, intense and frequent manifestations 
of emotion, type of reaction when asked for any reason to leave the 
group. The teachers had previously been asked by another experi- 
menter to rate the same group of Ss on stability under usual and 
unusual circumstances. When questioned as to whether their ratings 
on excitability were different from the ratings they would have given 
on stability, they all replied that they were not. We must conclude, 
then, that the ratings probably represent & composite of traits 
variously termed excitability, stability, adjustment to routine, etc., 
and we should not attempt to interpret them more specifically. 

On the basis of adjustment to the nursery school, the physician 
and the nurse at the Institute separated the Ss n 3 categories: 
poor, average, and good. 


I56 DUFFY 


TABLE VI 


CORRELATION OF ÀÁVXRAGE TENSION Scores wrra RATINGS on Excrrasmairy 
AND SOHOOL ADJUSTMENT 


; Ratings 
Excitability Schoal Adjustmentt 
Unused Hand. ',49 P.E. .16 .58 
Used Hand .58 P.E. .13 61 
Av. Both* 52 (.60) P.E. .13 (.11) .58 


"The figures in parentheses represent the correlation with ratings done at 
E's request. All other figures represent correlations with composite ratings, 4.6. 
ratings which include the earlier Tunes on stability. 

i The maximum coefficient of mean square contingency which can be obtained 
on the basis of 3 categories is 0.816. 


Table VI gives, for tension in the muscles of the hands, coefficients 
of correlation with the ratings of the tescher, and coefficients of 
mean square contingency with the ratings of the physician and nurse. 

With the exception of the correlation between tension in the 
unused hand and ratings on excitability,” our coefficients of correla- 
tion and our coefficients of contingency are uniformly high or mod- 
erately high. We have here evidence of a striking tendency for high 
tension scores to be associated with traits defined as excitability, 
instability, etc., and with & type of adjustment to the nursery school 
which is rated ' "m 

These correlations afford further evidence that the relative degree . 
of tension of the muscles of an individual is not fortuitous, but is 
highly significant. They indicate definitely the direction in which 
we are to look for this significance, z.e in the individual's degree of 
adjustment to his environment, his stability, his degree of a a 
bility to excitation. 

(3) Relative merit of various measures of muscular tension." Three different 
measures of muscular tension have been referred to in the course of the discussion, 
(1) tension in the used hand, (2) tension in the unused hand, and (3) tension in . 
both hands, or the average of the first two measures. To what extent do these 


measures correlate with each other, and what are their relative merits as indicators 
of tension? Table VII gives intercorrelations of the various tension measures. . 
There is very little correspondence between tension in the used and the unused 
hanc during discriminative reactions. We have a low positive correlation which is 
statiatically unreliable. Tension in the used and tension in the unused hand during 
tapping yield a significant positive correlation (r = 0.58). The unused band during 
discriminative reactions shows a much lower correlation with the average of both 


4For an explanation of the low correlation found here see pp. 156-158. 


MUSCULAR TENSION AND EMOTIONAL TENDENCIBS 157 


TABLE VII 
Conrricrents or CORRELATION BETWEEN VARIOUS MaASUREBS OF TENSION 
— Hand ' | Test ` 
. Discrimination ` Tapping 
Used Hand Av. of Both Used Hand 
‘Unused 13 P.E..17 46 P.E..14  ...58 P.E. tr 
Used .92 P.E. or - 


than does the used hand. But this may be explained by the fact that the scores 
for the used hand were numerically larger and therefore exerted more influence 
upon the average. 

In regard to the relative merit of the various measures of tension we have two 
scores of information: (1) a comparison of their coefficients of correlation with 
the ratings, and (2) a comparison of their coefficients of correlation with tension 
in the corresponding hand (or hands) during tepping. 

Table VI gives coefficients of correlation and coefficients of contingency be- 
tween ratings and various measures of tension. The tension measures whicn 
correlate most closely with the ratings are those from the used hand and those 
which represent an average from both hands (influenced chiefly by the numerically 
larger scores from the used hand). The unused hand makes a poorer showing, 
though the coefficient of contingency between the scores from this hand and the 
ratings on school adjustment is surprisingly large in the light of facts to be pre- 
sented later. 

A comparison of the various coefficients of correlation between tension m 
corresponding hands during discriminative reactions and tapping indicates that 
scores from the used hand during these two performances correspond much moze 
closely than do scores from the unused hand. Scores representing the average 
from both hands correspond more closely than the scores from either hand taken 
alone. The coefficienta of correlation are: unused hand, 0.15 - 0.18; used hand, 
0.50 + 0.14; average of both, 0.58 + 0.12. — 

From this evidence it appears that the scores from the used hand are, in this 
experiment, a more adequate measure of tension than the scores from the unused 
hand. It seems possible, though here the data are not'olear, that the average of 
both these scores (which is determined to a greater extent by scores from the used 
than by scores from the unused hand) is a better measure than scores from either 
hand taken alone. 

But it is important to note that the relative inadequacy of tension scores from 
_ the unused hand is more likely to be a result of particular conditions of the experi- 
ment than of any fundamental difference between the two hands as a source of 
tension measurement. The explanation which seems most plausible is that the 
rubber grip of the dynamograph held in the unused hand was not sufficiently 
sensitive to differentiate individuals adequately with respect to tension in that 
hand. It was made of rubber of the same thickness aa that of the dynamograph 
for the used hand, but since pressures from the used hand were greater, the lack of 
sensitivity of the dynamograph would not operate so disadvantageously in that 
case. This explanation is supported by the fact that in tapping, where the pres- 
sures were uniformly greater, the scores from the used and the unused hand cor- 
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relate considerably more closely (r = 0.58) tzan in the discriminative reactions 
(r = 0.13). That the small range of scores is a possible explanation of the relative 
inadequacy of tension measures from the unused hand during the discriminative 
reactions is indicated by Table I. In an earlier experiment in which very thin 
rubber was used for the dynamograph in the unused hand, tension scores from 
this hand correlated with ratings to about the same extent as scores from the used’ 
hand in the present experiment. 

Iv seems reasonable to conclude that the correlation' between tension scores 
in the used and the unused hand during tapping (r 0.58) is more representative 
of the actual relation between tension in the two hands than the lower correlation. 
duripg discriminative reactions. We have no adequate basis for a conclusion as to 
whether it is of more value in general to measure tension in a used or & correspond- 
ing unused part of the body. It seems probable that a combination of these two 
measures would be of greatest value, firet, because correlations in this experiment 
were occasionally. raised by combining the twc measures and, second, because it 
seems reasonable to suppose that individuals would differ in the degree to which 
they shunt tension into a used or a corresponding unused part of the body. If this 
is true, the most adequate measure of tension would include a sampling from both 
an active and a quiescent region. 

; SUMMARY 

Our Ss differed markedly with respect to tension in the muscles 
of the hands in the same experimental situation. During successive 
performances of the same task (discriminative reactions) and during 
the performance of & different task (tapping), they tended to maintain 
they respective ranks in tension. Apparently tension differences are 
relatively constant and are not entirely the function of a specific 
situation. 
Pd In attempting to demonstrate the significance of individual 
differences in muscular tension, we have shown (1) that these differ-, 
ences cannot be explained by differences in muscular strength, (2) 
that habituation to a situation tends to deeréase tension, (3) that 
individuals with higher-tension scores tended to press the reaction-key 
with greater force, and (4) that individuals with higher tension scores 
tendei to be rated lower on stability degree of adjustment to 
the environment. 

On the basis of these data it appears that we have in this technique 
of the measurement of muscular tensions a very promising approach 
to a study of individual differences in emotional tendencies. 


Discussion AND CONCLUSIONS 


It seems entirely consistent with psychological fact and theory 
to conclude that individual differences in tension of the skeletal 


“Duffy, op. cit, 33. 





MUSCULAR TENSION AND EMOTIONAL TENDENCIES 159 


muscles are associated with differences in emotional tendencies.” 
Increased tension has been observed by many investigators under a 
variety of circumstances, e.g. sensory stimulation, problem solving, 
the introduction of distractors, and, less often, emotional stimula- 
tion.“ From the evidence at hand it appears possible that increases 
in tension signify an increase either in excitation in general or in 
that particular type of excitation called ‘effort.’ They appear to be 
associated with striving and expectancy and other states in which 
the organism is exerting or preparing to exert increased energy. 
Without question, excited emotional states are among those in which 
such increases in muscular tension are to be expected; for they are 
often described as aroused, watchful states, states of increased effort, 
by which the organism is attempting to meet an emergency. But, 
as we have pointed out, tension increases have been found not only 
in excited emotional states, but in other aroused or effortful states, 
including states of mental work. Why, then, should such increases 
in tension be considered useful in a study of the emotions? 


To answer this question we must review briefly our present 
knowledge of the emotions. Physiological studies of the emotions 
have shown that cértain bodily changes occur during emotional 
states, but these studies have failed (r) to discover patterns charac- 
teristic of particular emotions, and (2) to reveal in any clear-cu; way 
characteristic differences between aroused emotional states and states 
of mental work. The changes in pulse rate, respiration, galvanic 
phenomena, ete., found in emotional states have been found also 
during intense mental effort. It is obvious that active miental and 
excited emotional states possess a large group of common elements. 
These common elements, we would maintain, constitute the excited 
or aroused quality of the states in question; they produce the generally 
observed dynamogenie effects. It seems probable that our various 
physiological measures or indices have been, in actuality, indices of 
the extent to which the organism was aroused, the extent of the pro- 
cess of dynamogenesis, and not indices per.se of an emotional as ' 
opposed to a mental state. 


“The reference throughout the article is to tensions of ‘the muscles which are 
assumed to be involuntary.’ 

4 For a discussion of nr effect of ekle stimulation upon the skeletal muscles 
sea Ch. Féré, Sensation et rev., 1900, I-170. Investigations of 
the effect of emotional iei tuin are mentioned 1 in my introduction. For the 
effect of mental work and certain other conditions see A. G. Bills, Mental work, 
Psychol. Bull., 28, 1931, 505-529. 
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But, in practice, these physiological measures have been useful 
as indices of states called ‘emotional.’ The reason for this is to be 
found. in the current definition of an emotion. Psychologists have 
been unable to draw an objective distinction between mental states 
and emotional states except on two arbitrary bases: (1) degree of 
disturbance in the organism, and (2) knowledge of the stimulus. 
Marked degrees of disturbance in the organism, if they are not due 
to obvious ‘physical’ causes, are attributed to the presence of ‘emo- 
tional stimuli,’ and the state of the organism is called an ‘emotional 
state.’ Thus a student taking an examination would be ealled 
mentally alert or aroused if his pulse rate showed a slight increase, 
— but he would be called emotionally aroused if the increase were, very 
great. Degree of exc:tation has been the criterion for such determi- 
nations. But how great a degree of excitation is necessary to deter- 
mine a difference in kind, z.e. to delimit an emotional from a mental 
state, has not been es:ablished. Conssquently, it has been necessary 
to employ a second standard to meet the deficiencies of the first. 
To this end psychologists have engaged in a search for the stimulus 
which gave rise to a.particular state. But very often in practice 
‘kind of stimulus’ is decided from ‘degree of excitation'—e.g. the 
‘emotional’ quality of a stimulus-word is determined from its effect 
on pulse rate or blooc pressure. 

Degree of muscular tension affords & very obvious but largely ` 
neglected index of degree of excitation and consequent dynamogenic 
effect. Differences ketween individuals in tension of the skeletal 
muscles in the same situation appear to indicate differences in the 
extent to which the situation has ‘excited’ or ‘aroused’ the respective 
individuals; and habitual differences between individuals in tension 
of the muscles appear to indicate differences in their general tendency 
to become ‘aroused’ or ‘excited,’ and thus to indicate differences in 
temperament. ‘These differences in ‘dynamogenic tendency’ are of 
great importance and deserve study apart from their róle in so-called 
‘mental’ or ‘emotional’ states. Increase in dynamogenic effects 
within the organism, whenever found, is associated with marked 
. changes in behavior. -Among these changes are, in all probability, 
increased speed. and force of reaction, and greater impulsion, or 
increased difficulty of inhibition. If such facts are established, we 
may in the future be able to describe certain patterns of reaction 
which occur in excited states and which, therefore, tend to charac- 
terize individuals who become frequently and easily excited. These 
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data would have wide applications, since there are, undoubtedly, 
certain tasks or vocations for which such individuals would be par- 
ticularly fitted and, conversely, certain tasks at which they would 
be handicapped. Great promise is held in this type of approach to 
the study of temperamental tendencies. It seems possible that it 
will substitute, for arbitrary classifications of ‘key’ traits of person- 
ality, experimentally established physiological bases for tempera- 
mental differences. Such bases would enable us to predict correlations 
between traits because of the derivation of these traits from & common 
source. But this does not imply that such a group of traits would 
not be subject to variation, since changes in general physiological 
condition or in environment may at any time produce changes in 
characteristics. 

To return to a consideration of dynamogenic tendency, it is 
unsafe to assume that a given degree of excitation will result 
always (in either the same individual or in different individuals) in 
precisely the same effect upon behavior. To illustrate, we may 
consider the relation between degree of muscular tension (an index 
of excitation) and efficiency of performance in mental tasks. Sev- 
eral investigators have reported that increased efficiency accompanies 
certain increases in tension. Our data,” to be reported in a subse- . 
quent article, indicate that, for our group of subjects as a whole, 
there was a moderately close relationship between high tension and 
poor performance. But there were instances, both here and in our 
earlier study, in which individuals with a relatively high tension 
Score gave an excellent performance. The explanation for this, as 
suggested in the earlier publication and supported by subsequent 
data, is that excellence of performance depends not alone upon degree 
of tension but also upon ability to eoórdinate reactions. Coórdination 
becomes more difficult under high degrees of tension, and hence we 
find in the majority of cases (at least with young children) that high 
tension decreases efficiency. But, when an individual attains good 
coórdination under high tension, his performance may surpass that 
of his own normal level as well as that of other individuals with a 
lower degree of tension. We further suggested, and this seems 
increasingly probable, that differences in ability to codrdinate reac- 


These €: together with the interpretation outlined below (which suggests 
an explanation for the lack of consistency of results in this field of experimenta- 
tion), were first presented by the writer to the New York Branch American 
Psychological Association, April 18, 1931. à 
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tions might be revealed by the type of ‘tension tracing with respect 
to regularity or smoothness of line. Our best performer in thé 
earlier experiment was a subject with a relatively high but smooth 
tension line. This evidence illustrates the point that, in discovering 
an individual’s tendencies with respect to degree of muscular tension, 
we obtain extremely valuable information, but not information which 


may be interpreted without other considerations when we attempt to _ 


use it for a prognosis of behavior.  . 
|. We return now to tae original question—the value of the measure- 
ment of muscular tensions as a technique for the study of emotional 
tendencies. It is obvious that increases in tension of the skeletal 
muscles have a wider occurrence than in states called ‘emotional.’ 
But until we formulate a more precise definition of an emotion, degree 
of muscular tension will constitute an excellent and easily available 
index of excited ‘emotional’ states. In common parlance. we call 
those individuals ‘excitable’ wha respond with intensity (or show 
strong dynamogenic effects) to ‘emotional’ stimuli which cause little 
` or no response in other individuals. If such reactions occur with 
relatively great frequency and intensity we call the individuals man- 
ifesting them ‘unstable’ or ‘poorly adjusted.’ It is not surprising 
,. that we found a rather high correlation between average degree of 
tension of the muscles and ratings on excitability, stability, and 
degree of adjustment to the nursery school. 
_ "Although it may not be possible to offer a finál solution for the 
theoretical problems suggested here, it is practically useful to deter- 
mine which individuals manifest frequently a highly aroused state. 
A tendency of this sort might indicate an environment that was 
uncongenial or threatening, or it might indicate firmly established . 
habits of reaction in the individual, modified only slightly by specific 
, environmental circumstances. Habitually high degrees of tension of 
: the muscles serve to reveal individuals who are living under conditions - 
of strain, effort, or ‘over-reactivity.’ 


RELATIVE EFFECTS OF DETERMINATE AND 
INDETERMINATE AUFGABEN 


By. D. W. CRAPMAN, Harvard University 


The psychologist who. recognizes the obligation of describing ex- 
perience in systematic terms has always, sooner or later, had to 
embark upon the.analysis of certain typical phenomenal fields which 
he eonsidered to be representative of experience st large. This 
necessity is as obvious and compelling to the configurationalist as it 
ever was to the structuralist; but with the passage of time, and with 
the accumulation of experimental evidence, we can point more con- 
fidently to errors which inhere in certain methods of analysis. In- 
deed, we may consider these errors themselves as proper objects of 
scientific interest, inasmuch as around them must operate the modern 
methodological reorientation. | 


If & given conscious complex was to be analyzed, the older psy- 
chology proceeded confidently by coercing its part-contents, a, b, c, d, e, 
successively into the focus of attention, and by there describing them 
under favorable conditions of clearness. In symbolic terms, this 
operation consisted in the establishment (under constant stimulus- . 
conditions) of consciousnesses representable as Abcde, aBcde, abCde, 
^ etc., wherein a capital letter indicates the attentional foeality of a 
part-content. The focal terms were then collected in the form 
A+B+C+D-+4H, and this aggregate was taken to represent the 
complete analysis of abcde. 

. But this operation is justifiable only if we assume that A and a, 
B and b, C and c, etc., are identical. Certainly we know that in 
respect of clearness io are not identical; for it is precisely by a 
change in clearness-value that they enter or leave the focus of at- 
tention.. Moreover, we are acquainted with common instances (the 
analysis of clangs and flavors) where such a shift of attention appears 
to invite the emergence of actually new qualities, by no means posi- 
tively identifiable with the just previous experience. Since in the 
experimental situation such shifts of attention are the effects of 


* Accepted for publication January 2, 1931. 
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changes in the Aufgabe with which the observer approaches the 
stimulus-presentation, we may state the problem met by the analy- 
tical approach to be the following: Instead of finding, for a constant 

stimulus-presentation, one experience over which attention can ‘sweep’ 
Ru we must suppose that for this constant presentation there- 
are n possible phenomenal fields, each with its particular attentional 
structure, and each determined primarily by one of n corresponding 
Aufgaben. There is hereby given ihe possibility that reportable aspects 
of one field may occur only in vaguely reportable form, or not at all, in 
another field, 


Of the experimental investigations which have dealt with the demonstration 
and measurement of this effect, two especially deserve recognition. 

The first is that of KüIpeI—the abstraction experiment—wherein he presented 
tachistoscopically to his Os colored, printed syllables, about which could be re- 
ported the number of letters involved, the colors involved, the positions of the 
colors, or the nature of the total figure which they composed. In some presenta- 
tions the Aufgabe was made indeterminate, and, only after the O had reported 
such characteristics as he chose, was he required to report on the remaining ones; 
in other presentations th» O was predetermined for certain characteristics, re- 
ported on them, and then subsequently was asked about the others. Külpe found 
& universally higher repcrtability for aspects of the stimulus favored by the 
Aufgabe ($.e. the predxposure Aufgabe) than for aspects not go favored; and he 
announced the general law that "the most nurrerous, most correct, and most 
defnite reporte occur in those cases where report and Aufgabe correspond [wo die 
Aussagen mit den Aufgaben zusammenfallen]."! 

The second study is that of Yokoyama, reported by Boring) Yokoyama 
presented his Os tachistoscopically with pairs oi rectangles of light, which he 
varied in intensity and length; and the O was required to make comparative 
judgments with respect to these attributes. “In one series the O was prede- 
termined to observe relative intensity. He was to pay attention to intensity 
only and to judge the one stimulus with respect to the other. The instruction 
was vigorous, the sensory diffarence was small, and the task was continued for 
many observations. Altogether the O may be supposed to have been as definitely 
predisposed for intensity as he could have been. At irregular intervals in this 
series, however, and not o:tener than cnce in fifty trials, nor more than twice in - 
& session, the E broke in, immediately after the exposure and often before the 
judgment of intensity could be voiced, with a secondary instruction: How about 
extent?’ The O was then expected to give, ez post facto, a judgment of relative 
extents. In other series the primary determination was for extent, and intensity 
was called for at infrequent intervals.” The conclusion reached, with respect to 
the phenomenon of diminution of reportability, was that “it is plain that the 


10. Külpe, Versuche über Abstraktion, Ber. 4. d. I. Kongr. f. exper. Psychol., 
1904, 56-68. 

bid., II. 

1E. G. Boring, Áttribut» and sensation, this JOURNAL, 35, 1924, 301-304. 
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original perception under the primary determinant is inadequate to a judgment 
of any difference other than the attribute upon which the primary determinant 
is directed." 

These two studies establish ds general principle that the phe- 
 nomenal field initiated by a stimulus-presentation does vary in the 
adequacy of its several aspects, and that this variation depends 
upon the predetermination of the O. Neither of them, however, 
appears capable, in its technique, of measuring the phenomenon in a 
satisfactory way. 

In Külpe's experiment, we should observe that the secondary, 
“surprise” Aufgabe was most often given O only after he had had a 
sufficient length of time for a report on the primary Aufgabe. This 
means that if we call for a report upon aspect Ain a given phenomenal 
field, and later call for a report on aspect B of the same field, and our 
results show that reports on B are less accurate than those on A, we shall 
not know which of the following cases is true: (1) that B was less 
distinct than A in the original perceptual field, because B was not 
predisposed-for; (2) that B was less adequately reported because, 
between the times of report on A and report on B, forgetting with 
respect to B had taken place; and (3) that B was less adequately 
reported because the intervening act of reporting À tended to inhibit 
or modify surrogates of B. 

Külpe took case 1 to be the fact. Rubin,’ however, has argued 
case 2; and Wilcocks,’ following this suggestion, has shown by an 
experiment, close to Külpe's in detail, that where a question is asked 
corresponding to the predetermination, but some time after pre- 
sentation, the correctness of report on this question may be lower 
than for a question asked more quickly after presentation and not 
favored by the predetermination. ‘The phenomenon of rapid for- 
getting appears therefore to cut across the phenomenon which Külpe 
hoped alone to demonstrate. - 

Yokoyama’s experiment probably avoided this error to a greater 
extent, for the surprise-Aufgabe was given often before the report in 
respect of the primary Aufgabe could be made. But Yokoyama’s 
technique, since it requires such infrequency of secondary Aufgaben 


4Tbid., 303. 
sE. Rubin Bericht über experimentelle rudes der Abstraktion 
Zsch. f. Psychol., 63, 1913, 386. 
R. W. Wilcocks, An examination of Mud 8 experiments on abstraction, this 
JOURNAL, 36, 1925, 324-340. | 
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as genuinely to surprise O, has the disadventage of affording oaly two 
cases in an experimental hour. It does not, in brief, lend izself to 
quantitative treatment. — 

The present experiment sought tc reduce these difficulties in the 
following way. We can present to O stimulus-patterns (a-range- 
ments of letters) about which & number of types of report in this 
case three: number, rames, location) can be made. We can, in one 
- geries of presentations, give a definite Aufgabe before each exposure, 

and obtain reports under that condition. We can then present a 
second series to O in which the definite Aufgabe is given him only 
very quickly after each exposure. His Aufgabe in this case (at least 
in the long run) can be considered as relatively indeterminate at the 
time of stimulus-exposure. We shall expéct, if we score fcr both 
series percentages of material correctly reported against numx»ers of 
stimuli simultaneously presented, that the results will apprcximate 
the (y) relation, as Fernberger has demonstrated and-we shall be 
able to obtain a ‘cognitive’ limen? for each of the Aufgaber: under 
each of the two conditions of determinate and indeterminate in- 
‘struction. Comparision of the żwo sets of limens will then "urnish 
us with a measure of the loss in repcrtability which the lattcr type 
of instruction effecta. 

This procedure oders the following advantages over the pro- 
cedures of Külpe and Yokoyama: (1) The interval of time betw»en the 
exposure and the giving of the surprise- Aufgabe can be kept zeason- 
ably short and constant. 

(2) In no ease will the necessity arise of making one report- before 
responding to this gurprise- Á ufgabe. 

(3) A sufficient number of esses: af report with surprise- Aufgabe 
-can be obtained to make their statistical properties comparab.e with 
‘those obtained from Aufgaben preceding the exposure. 


(4) The factor of surprise involved in the Aufgabe-after-exposure 
wil tend to remain constant, since O will act, practically, with 
knowledge of the experiment, 1.6., that one of three tasks ic to be 
required of him. 


"Ihe writer wishes to acknowledge his indebtedness to Profeasor C. C. Pratt, 
under whose guidance this study was performed. 

88, W. Fernberger, Range of visual apprehension, this JOURNAL, 32, 1921, 
121-133. 


‘A. D. Glanville and K. M. Dallerbach, Range of attention, tbid., 47, 1929, 
207-236. 
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The experimenter realizes, of course, that in adopting this tech- 
. nique, he sacrificed the possibility of determining what happens to 
the reportability of characteristics when O is set maximally to ob- 
serve other characteristics. He believes, however, that his procedure 
enabled him to investigate in a far more reliable way the same effect 
that Külpe pointed to, namely, the difference between reports which 
are definitely demanded before the exposure of material, and reports 
which are definitely demanded only ex post facto. This experiment 
deals, then, with reports made under an Aufgabe intermediate be- 
tween definite determination toward a critical aspect and definite 
determination away from that aspect. 


METHOD 

Stimulus-matertal. The stimulus-cards used in this experiment consisted of 
squares of white, unglased drawing paper, 7 in. on a side. A centered rectangle 
was ruled off on each card in pencil, 3 3/4 in. wide and 3 1/8 in. high; and this 
rectangle was then ruled into five 3/4-in. columns intersecting five 5/8-in. rows, 
thus giving 25 small rectangles, 3/4 by 5/8 in. each. 

The stimuli—black printed letters, 1/2 in. high, cut from Dennison’s gummed 
alphabet no. 31— were then pasted into various of these rectangles, and the 
penciled rulings were removed with art gum. The letters were arranged on the 
. cards haphazardly, except for the following rules: (1) all letters used were capitals; 
(2) in order to prevent the formation of syllables, no vowels were employed, and 
Y was considered a vowel; (3) M and W, because of their extraordinary breadth 
in this alphabet, were omitted; (4) the letters were always arranged in a line such 
that successive members were vertically, horizontally, or diagonally adjacent— 
this was done in order to minimize subjective sub-grouping; (5) no two cards 
bore the same arrangement of letters; and (6) all the lettera appeared in the course 
of the experiment with approximately the same frequency. 

The preliminary work showed that, for the method of constant stimuli, it 
would be advisable to work in the range of 4 to 8 stimulus-objects. Æ therefore 
made 18 cards bearing 4 letters each, 18 cards bearing 5 letters each, and so on, 
up to and including 8 letters,—a total of 90 cards. 

Apparatus. The stimulus-cards were presented in a moderately darkened 
room by means of a modified Dodge tachistoscope. .The tachistoscope was 
essentially a light-proof box, provided with an observation slit to which O held 
his eyes during exposure. The stimulus-card was held within a dead black frame 
18 in. before O’s eyes. Between his eyes and the card, a sheet of glass set at 45? 
to the line of regard reflected a moderately bright white field so as to make.it 
appear coincident with the ‘stimulus-card. This constant field entirely hid the 
letters on the stimulus-card until the latter was illuminated for an instant (by a 
beam of light reflected off the glass on the opposite side to the constant field), 
during which instant the black stimulus-letters stood out on the constant white 
field. The illuminating mechanism was a rotating-disk episcotister, revolving in 
front of a projection lantern, and fitted with a variable slit to give exposures of 
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from 10 to 60 v. Since this episcotister involved a fast and a slow disk, geared 
together, it gave one flash of light every 1.2 3ec., if the projection lantern were 
'continuously illuminated. A single flash could be obtained by turning on the 
lamp somewhat before the coincidence of the slits, and turning it off immediately 
after. This was made possible by a timing light which flashed on E's control-deak. 
The only noise incident to the operation of the apparatus was the gentle SUE 
of ths constant-speed motor which drove the episcotister. 

The instructions for eacn exposure were given O by means of an cuter 
box, the front of which bore three small milk-glass windows, on each of which 
was printed an Aufgabe (count, locate, name). Keys at E's desk enabled him to 
light a lamp behind the window bearing the instruction for any given exposure. 
The instruction-box was pleced outside the tachistoscope and somewhat to the 
right of O. 

A warning signal was furnished by a telegraph sounder. 

A narrow board, fixed tc the edge of the table in front of the tachistoscope, 
provided a desk on which C' could write his report. The desk was illuminated 
by an overhead light which E could switch on immediately after each exposure. 

Procedure. The experiment was performed from the beginning of November, 
1929, through March, 1930. 

The Os were 6 in number: Dr. C. L. Goldthwait (G), Mesars. W. H. Hunt (H), | 
M. H. Lewis (L), K. W. Oberlin (0b), aud Misses H. Nye (N), and J. I. Stein- 
berg (St). Excepting N, an undergraduate in philosophy with some psycho- 
logical training, the Os were Harvard and Radcliffe students of psychology; the 4 
men were graduates. 

Eazh O observed for one experimental hour a week. For G, H, and L, the 
tachistoscope was adjusted tc giv» a length of exposure of 100. St, however, had 
difficulty with this length of exposure, and after the practice-series, was given 
. exposures of 30¢, as were.also N and Ob. 

During each experimental hour, each O was given 90 exposures of the stimulus- 
cards, arranged in haphazard order with respect to the number of stimuli which 
each cerd bore. Forty-five of these exposures formed a ‘P-series,’ in which the 
Aufgaben were given before each exposure; and tke remaining 45 exposures formed 
an ‘F-series,’ in which the Anfgaben were given immediately following each ex- 
posure. To minimize practice-effects, the P-series was given before the F-series 
in one experimental hour, and after the F-series in the succeeding experimental 
hour; and this alternation of order was maintained throughout the experiment. 

Instructions. Before he observed the P-sereg, O was given the following 
instructions to read: 

In this experiment you will be bana with a tachistoscopic visual field con- 
run a number of letters of tae alphabet. Before each exposure the instruction- 

box indicate one of the following three types of report, which you are to give 
after ths epe 

“Count.” In this case you are to report the number of letters seen, by writing 
that number on the report slip; for example, 7. 

“Locate.” In this cage you are to Sep odes with small circles (each circle 
representing & letter) the relative position of all lstters seen; for example, 


O D 
eae 


“Name.” In this case you n to print out in a horizontal line all the lettera 
seen, irrespective of their positions; for example, FX KCL 
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After you have determined the instruction from the box, place your eyes to 
the eye-piece and fixate the bright, square field near ita center. The exposure 
will occur 2 sec. after the telegraph sounder clicks. . 

For the F-series, O was.given the following instructions: 

In this part of the experiment the procedure will be the same, except that you 
are to take your instructions from the box immediately folowing, instead of pre- 
ceding, the exposure.”’ 

For each exposure in the P-series, the procedure was as follows, the times at 
the left indicating flashes of the timing light on E’s desk: 


Time Operation 
O signifies "ready." 
O sec. Outaide light turned off. 


Instruetion-box turned on. 


2 geo. Warning signal given. 
Instruction-box turned off. 

4 Bec. Exposure occurs. 
Outside light turned on. 
O writes report. 

For the F-series, the procedure was as follows: 

O signifies "ready." 

0 sec Outside light turned off 

2 sec Warning given 

4 888. Exposure occurs. 
Instruction-box turned on. 
Outside light turned on. 
O writes report. 


In order to determine whether in the P-series the 4-sec. interval between the 
lighting of the instruction-box and the occurrence of the exposure had been 
sufficient to allow O to establish a firm and definite Einstellung, E conducted a 
‘U-series’ over 3 more experimental hours. During the first of these hours O did 
nothing but locate the stimuli on 75 cards presented him; in the second hour he 
did nothing but name, and in the third hour nothing but count. This series was 
used as a control to determine whether an Einstellung maintained over an experi- 
mental hour was significantly more firm than one established only shortly before 
each exposure in the P-series. 

RESULTS 

The Os’ reports were scored right or wrong. Table I gives the 
total number of correct reports made by each O (all 5 stimulus- 
frequencies pooled) for each Aufgabe, and arranged according to 
mode of presentation of Aufgabe (columns P, F, and U). Differences 
between the results of various pairs of ‘series are tabulated in the 
columns headed Dy-_p, Dr.v j Do. ». | 

Two generalizations are apparent, and are exhibited in most strik- 
ing form by the results for locating and naming: (1) the results from 
the P- and U-series approximate each other; and (2) the number 
of correct reports in the F-series is distinctly lower than in the P- or 
U-series. The results from counting are somewhat less univocal, 
and we shall note the probable reason for this presently. 
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TABLE I. 


Tora, Numpgr o» Corruct REPORTS (OUT OF 75) MADE BY nee O FOR 
EacuH or THE P-, F- anp U-smrims, FOR Hace AUFGABE, 


O P F U Drp Dry Dy 

-G 56 44 50 —12 —6 -—6 

H 49 47 5I ROG. ded 2 

8 L 54. 43 63 —I1l  -—20 9 
E N 66 59 70 —7 ~I 4 
m Ob 61 53 69 —8  —16 8 
St 60 59 75 cup cx 16. I5 

Total 346 305 378 -4 -—73 3 

G 28 18 32 —IO  -—14 4. 

- H 38 I8 27 —20 — 9  -—II 
A L 30 IS 25 —I15 —-I10 — 5 
N 32 12 33 —20 —2I 1 

Š Ob 50 24 42 —26  —18 —8 
St 29 16 38 —I13  —22 9 

Total 207 103 197 —104  —94  --IO 

G 16 I2 II — 4 I —5 

H, 18 I3 17 —-—5 —4 —I 

ep L I4 12 17 —2 -—58g 3 
E N 25 I5 29 —IO —I4 4 
z Ob 29 18 27 —Il1 —9 —2 
St 28 IO 37 —18  —27 9 

Total 130 80 38 —50 —58 8 


The data for all 6 Os are. pooled and presented graphically in 
Figs. 1-3, in the form of unsmoothed curves. Here the relative 
inefficiency of report in the F-series is apparent, as is also the ap- 
proximation of the P- and U-series for the Aufgaben, locating and 

Since the curves for locating and naming are free from inversion 
and strongly suggest the ogive function, their limens were calculated 
from Urban’s tables, and found to be as follows: 


Lo h 
P-series 5.80 —0. 509 
Locating U-series 5.49 —0.506 
F-series 4.54 —0.594 
P-seriea ` 4.91 —0.684 
Naming U-series 4.98 —0.555 
F-series . 4.28 —0.700 


107, is expressed in stimulus-~units. 
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These limens would szem to offer themselves as acceptable meas- 
ures of the efficiency of report characteristic of the three series. 

The .curves obtained from counting are not suitable for a calcula- 
tion of limens, chiefly because of their tendency to inversion at a . 
stimulus-frequency of seven. An analysis of the reports revealed 
that the Os called 6 stimuli ‘seven’ more often than ‘five.’ They soon 
learned that 8 was the terminal frequency in the range, and this 
tendency to identify the larger groups of stimuli as ‘eight’ appears to 
have resulted in an abnormally large percentage of correct reports 
on 8 stimuli—an artificiality of the experiment which presumably 
would not have occurred had the range of frequencies been larger. 

We may conclude, in fine, from the quantitative data that the 
efficiency oi report for all tasks is lower under an indefinite Aufgabe 
than under a definite instruction. We may also conclude that the 
efficiency of report under & definite Aufgabe, established 2 sec. before 
the exposure of the stimulus, is approximately the same as the 
_ efficiency of report under a definite Aufgabe carried throughout an 
experimental hour. 

Introspective reports taken during the final experimental hour 
show that the better reportability of the P-series partly resides in 
perceptual differences in the phenomenal field following definite 
Aujgaben: 

St: ‘When carrying the instructions for locating, I attempted to adopt a set 
for the total configuration of the field. The whole pattern then became stamped 
in so that I could still see it while reporting. In naming, the set was for a less 
organized pattern, so that the parts could be seen as lesser unita. In counting, 
the set was to adopt a loase organization, g0 thst the individual letters easily 
abstracted themselves.” 

G: - “During the exposure it [the phenomenal feld] s was the same for locating 
and counting, but for naming the details of the letters stood our more clearly.” 

N: “With the shorter groups of stimuli, all three characteristics were clear 
[number, position, and identity]. As for the larger groupings: in counting, the 
other characteristics were vague at most; in locating, the number of letters was 


usually clear; and in naming, I concentrated so hard on the individual lettera, 
that the group as a whole was vague.” 


L: "For the numerical instruction, it [the phenomenal field] had quite a - 


discrete character; for locating, a definite geometrical character; and for naming, 
it had a combination of the two, with greater differences in the value of the parts.” 

H and Ob found no diffarences in the structure of the field for differing pre- 
ceding Aufgaben. 


Our evidence therefore permits us to say that, in general, an 
Aufgabe given before the presentation of a field tends to emphasize 
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in that field perceptual characteristics which will facilitate the report 
which it demands, Further introspections add the fact that where 
this accentuation is found during the exposure of the material, it 
persists in subsequent surrogative processes, and may even increase, 
until the report has been made, This effect of a previous Aufgabe is 
therefore common both to the immediate phenomenal field and to its 
surrogates; and for this reason, we cannot speak of efficiency of report as 
revealing solely differences of structuring in the original phenomenal 
field, without admitting the possibility that this efficiency is also 
governed by structural changes which have taken place in the sur- 
rogates intervening between the original field and report. 

In the F-series, on the other hand, the typical field and its surro- 
gates have a less univocal structure, corresponding to the neutral 
Aufgabe with which the presentation is approached. When the sub- 
sequent definite Aufgabe impinges upon this surrogative mass, there 
is an attempt on the part of O to restructure the surrogate along 
dimensions which are essential for report—and it is apparently the 
difficulty of this process which is reflected in the lesser accuracy of. 
report in the F-series: 

G: “TI think the difference [in accuracy of report] was due to the necessity ' 
of carrying the mass of unnecessary imagery [in the F-series]. It seemed to be 
beyond my capacity to hold 80 much with a clearness anything like that possible 
when the instruction was given previous to exposure." 

St: “In making the report [in the F-series] it was often necessary to change 
the configuration of the field. Difficulties resulted, in which there was & con- 
fusion of the three characteristics with location losing the most strength, and 
naming and counting following.” 

N: “Teshould say that it [the lesser accuracy] was due simply to the confusion 
resulting from counting, locating, and naming all at the same time." 

G: “Considerable tension from moment of exposure until instructions per- 
eeivell. Confused mass of visual, auditory and voci-kinsesthetic imagery held in 
suspension. When instructions perceived, & pushing out of unnecessary material 
and attempt to strengthen wanted material. (I do not think the latter ever 
became clearer, but there was always the effort to cause it to.)” 

The picture which these considerations allow us to draw of the 
relative functions of Aufgabe-before-exposure and Aufgabe-after- 
exposure, may be put as follows: In the P-series, the Aufgabe initiates 
& process whereby perceptual characteristics of the stimulus are em- 
phasized according as they are demanded by the Aufgabe. The 
Aufgabe may thus be thought of, figuratively, as providing a pre- 
liminary matrix to the structural values of which succeeding experience 
tends to conform. Its first effect is felt in the perceptual field incident 
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to the exposure of the stimulus. This process of emphasis proceeds 
during the successive surrogative experience; and the fading out of 
irrelevant aspects of these images represents an enhancement of the 
same effect in the original phenomenal field. At whatever temporal 
stadium in this process the giving of the report begins, it is conditioned 
by a surrogative mass which shows as its principal aspects precisely 
those which contribute to the accuracy of report. 

In contrast to this, for the F-series, the immediate perceptual 
field, being preceded by no exclusive Aufgabe, tends to exhibit, more 
or less equally, all the aspects which might be demanded by any of 
the Aufgaben which the O knows he may receive. The clearness of 
these. coexistent aspects is diminished by their rivalry. This condi- 
tion persists in the subsequent surrogetes. When the Aufgabe is re- 
ceived, there ensues a tendency for this surrogative mass to restruc- 
ture itself according to the matrix given; but this restructuring is 
relatively incomplete, and brings with it a decreased liveliness of the 
. surrogate as a whole. The report is then, in this case, conditioned by 
& less univocal surrogative structure, and loses thereby in accuracy. 


CONCLUSICNS 

In comparing reports in counting, locating, and naming groups of 
4 to 8 stimuli presented tachistoscopically in each of the following two 
series, P-series, wherein the Aufgabe was given before presentation of 
the stimuli; and F-series, wherein the Aufgabe was given immediately 
after presentation of the stimuli, the experimenter finds: 

(1) A lower accuracy of Peper! for the F-series than for the 
P- series; 

(2) That Hie’ comparison of cognitive limens gives a convenient 
and practicable indèx of this difference of accuracy of report;  . 

(3) That this difference is apparently due to (a) the tendency of 
both perceptual field and succeeding surrogates in the P-series to ac- . 
centuate aspects demanded by the Aufgabe, and (b) the tendency of 
both perceptual field and succeeding surrogates in the F-series to- 
ward an indifference o7 confusion of aspects, and a resistance to the 
accentuation demanded by the Aufgabe; 

(4) That, since ths coöperation of both perceptual field and suc- 
ceeding surrogates is indicated, (a) the hypothesis that the Aufgabe 
in part determines reportable aspects of phenomenal fields is sup- 
ported, and (b) the hypothesis that efficiency of report measures 
exclusively the structure of the original perceptual field, apart from 
its surrogates, is not sustained. 


MINOR STUDIES FROM THE PSYCHOLOGICAL LABORATORY OF 
, CORNELL UNIVERSITY 


LXXX. Posrrion VS. INTENSITY as A DETERMINANT OF THB ATTENTION OF 
Luyr-HaNDEp OBSERVERS 


By Ann Maiti Warts anp Kari M. DALLENBACH 


In the various studies on the determinants of attention published from this 
laboratory, spatial position was found to be an important factor. The position 
to the left of the point of visual fixation had, for all the Oa in all of the experiments, 
a marked attentional advantage. Since all the Os were right-handed, the efective- 
ness of the left-hand position was explained neurologically as follows. Neural 
excitations aroused in theright retinas of each eye—the areas stimulated by objects 
occupying positions to the left of fixation—center in the right hemisphere of the 
brain where they, because right-handed people are left brained, are comparatively 
free from interference and inhibition by other concomitant processes. As a 
consequence they possess on the side of consciousness a high degree of attensity, 
i.c. clearness or vividness. Everything else being equal, objects arousing processes 
in the right brain would enjoy, therefore, an attentional advantage over all 
others. 

This explanation was given added plausibility when Burke and Dallenbach 
extended the experimenta to left-handed Os, for they found that the right-hand 
position had an attentional advantage for the left-handed.* They used, however, - 
only 2 Os, and only one of these was, according to Rife’s classification of dextrality, 
of the pure LLL type Their work, therefore, clearly needs confirmation. 


n for MM ndn June I5, 1930. 
orm vs. intensity as a determinant of attention, this JOURNAL, 


26, Ies Town 

and W. 8. Foster, Size vs. intensity as a determinant of attention, 
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I76. WHITE AND DALLENBACH 
The object of the present study was to test the neurological theory further by 
determining the positional preference of other left-handed Os. As in the earlier . 
experiments, every concition of attention except intensity and. position was 
eliminated, and the effect of position was measured in terms of intensity. 


. Observers. The Os were Miss Ethel Shaw (Sh) and Mr. Benedict Newell 
( Ne), seniors in Cornell University, and Mr. C. W. Fox (Fz), graduate assistant 
in psychology. 

We were unable to obtain Os of the pure LLL type. Sh is left-handed in 
writing, eating, throwing, hammering, and in using the scissors, bat, ax and spade, 
but she uses a pitchfork and broom right-handed and is right-eyed. She clearly 
belongs to the LLR type. Ne ie left-handed in all the unimanual activities except 
writing and eating which ^e now does right-handed as a result of insistent training 
when young. He plays tennis, bats, and wields an ax left-handed, but uses a 
pitchfork and shovel right-handed. He is right-eyed. He too, we believe, be- 
longs to the LLR type. Fz is left-handed in throwing, hammering, in using the 
scissors, ax, spade, shove, pixchfork, and broom. He is left-footed in kicking a 
football and in Jumping, and isleft-eyed. He is, however, right-handed in writing, 
eating, batting, and playing golf. He clearly does not fall within any of Rife’s 
classes. His formula seems to be 2 RL. He was experienced in psychological 
observation; the other two Oa were naive. AIl of them, however, served in the 
experiment without knowledge of the specific problem. 


Apparatus. The apparatus was similar to that used in the earlier studies.’ 
O sat in a light-proof booth with his head held firmly in position by means of a 
biting-board which was so adjusted that the fixation-point, I m. away and 1 mm. 
in diam., would fall, if projected, midway between his two eyes. 

The comparison areas, two circular openings each 2.5 cm. in diam., were 
exposed in the horizontal position, 12.5 cm. to the right and left of the fixation- 
point. Only the horizontal position was used in this study. Two series of experi- 
ments were performed. In Series A the standard intensity was at the right; in 
Series B it was at the left. These series are comparable to the experiments in 
positions 1 and 5 of the earlier studies. The omission of the other positions, the 
vertical and the diagonals, permitted the inclusion of more individual experiments 
with every O at each of ths positions used. 


and in bimanual activities, such as batting, sweeping, spading, and chopping with 
an ax. Handedness was determined in the bimanual activities by the hand 
‘nearer the business end of the instrument." Some individuals show a bimanual 
preierence opposite that o2 their unimanual; and others a divided preference. If 
the right hand is erred in both unimanual and bimanual activities the indi- 
vidual is classified ; E the left hand is preferred he is classified LLL. If the 
right hand is preferred in vnimanual activities, and the left hand in bimanual, the 
individual is slaseiied RLL. If an opposite preference obtains the formula is LRR. 
If an individual is right-handei in unimanual activities but has a divided prefer- 
ence in bimanual, e.g. bats right-handed but sweeps left-handed, he is classified 
RRL. If an opposite preference obtains the formula is LLR. Cf. also J. E. 
Downey, Types of dextrality and their implications, this JouRNAL, 38, 1927, 
317-367. . l 

sDellenbach; Some new apparatus, tbid., 34, 1923, 94 f. 

*Dallenbach, ibid., 283; Burke and Dallenbach, op. cit., 267. ' 
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Exposure was made by illuminating the comparison areas from behind. The 
duration of the exposure was controlled by a gravity tachistoscope, which was 
set for 1/10 sec., but the actual time used was, as measured by a Hipp chronoscope, 
106 + 1.86 sigma. The light was derived from a 500-w. concentrated filament 
mazda lamp, which was placed in & projection lantern behind the tachistoscope. 
The rays of light when uninterrupted by the tachistoscope passed through a light- 
proof funnel to the posterior frame of a diffusion chamber and thence, through 
circular windows and connecting tubes, to the ground glass windows in O's booth. 
The intensity of the illumination was controlled by metal shutters or screens 
which varied the amount of light allowed to pass through the connecting tubes. 
One hundred screens, containing from 1 to 100 holes, every one 5 mm. in diam., 
and concentrated and symmetrically arranged about the center, were used to vary 
the intensity of the illumination. The number of holes in a screen was used to 
designate the intensity-value of that screen. The intensity of the standard area 
was, with the exception of the experiments of Series B for Fx, placed at 16, t.e. the 
intensity of illumination from the sereen with 16 holes in it. The standard for 
Fz in Series B was 4; this shift in the standard intensity had to be made in order to 
bring the variable intensities required for this O in this series of experiments within 
the intensity range of our apparatus. The intensity of the variable area could be 
changed from 1 to 100, $.e. the intensity of illumination from screens with 1 to 100 
holes in them. 


Instructions. The following instructions were given the Os at the beginning 
of every experimental hour. l 
At the signal ‘Ready,’ fixate the spot of light before you. At ‘Now,’ 
two areas of light will be shown. Judge which of them, if either is the 
more attense; that is, which of them catches your attention the more. 
Give the position as ‘right’ or "eft, whichever the case may be. If they 
are equal, say ‘same;’ if you are uncertain, report ‘doubtful.’ 


These instructions are similar to those given in the earlier studies. In order : 
to assist the Os in establishing criteria of attensity, the following was added. 


Do not base your judgments of attensity upon intensity or form. 
Report which of the two stimulus-areas catches your attention first, 
which one stands out, is the more vivid, insistent, or clearer. 


Procedure. Two series of preliminary experiments, one for each position of the 
standard, were made by the method of limits to determine for every O the ap- 
proximate intensity of the variable necessary for a judgment of equality. Upon 
the basis of the results of these experiments 5 stimulus-values were selected for 
every O for each position of the variable, and the main experimenta (Series A and 
'. B) were conducted by the method of constant stimulus differences. In each series 
af experiments 100 observations were taken for every O at every stimulus-value. 
The two series were conducted concomitantly in haphazard order. The Os never 
knew, therefore, which stimulus-area was the standard and which the variable. 
They had to judge every experiment separately and solely upon the basis of 
relative attensity or clearness, ' 


- 
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When & ‘doubtful’ Gamak was returned—aud only a few in spite of the - 
difficulty of the task were returned— the experiment occasioning it was, without 
O's knowledge, immediately repeated. 


Resulis. The results o? this study are shown in Table I which gives for every 
O for each position of the com»arison areas the amount of illumination necessary 
for the variable to be reported equal to the standard'in attensity or clearness, 
These values were obtained after the ‘equal’ judgment had been divided between 


t 


TABLE I 


SHOWING rog EVERY O AND ron EACH Smuigs or EXPERDAENTE THE AMOUNT 
OF ILLUMINATION OF THE VARIABLE NECESSARY FOR THE REPORT oF | 
EQUALITY IN ATTENSITY 
| Series À ' A Reries B 
(left, variable; right, standard) (leit, standard; right, variable) 





the judgments of ‘Tight’ and ‘leit.’ Then tke 50% point, the point at which O | 
was balanced between the judgment Tight’ and ‘left,’ was computed by the con- 
stant method from one of she percentile arrays." 

The data in Table I show that position is effective for all the Os, and also that 
it is effective for them in cpposite directions. The intensity of the left stimulus- 
ares is greater for Ne and Sh, in both series of experiments, than that, of the right. 
This simply means that the lect area, becauss of their predisposition toward the 
right, must be augmentec in order to equal the right in attensity (clearness, 
vividness). Since both of thes» Os belong to the LLR type of dextrality, i.e. are 
left-handed in the unimanual and in most of the bimanual activities, their results 
may be regarded as additional evidence for the neurological theory that has been 
advanced in explanation of the effectiveness of position. 

Fx, on the other hand, is pradisposed toward the left; the intensity of the right 
stimulus-area is much greeter, in both series of experiments with him, than that 
of the left. Fx is not, however, truly left-handed. He belongs, as we have seen, 
to an intermediate or mixed (Ri RL) type of dextrality. He is not ambidextrous in 
the sense that he uses either hand equally well in all activities, but he is ambidex- 
trous in the sense that he performs some uni- and bimanual activities left-handed 
and some right-handed. His results do not, therefore, stand in opposition to the 
~ general conclusion that left-handed people have a preference for the right, for heis 
"Since the arrays were complemen it did not matter which was used, the 


same liminal value would be obtained from either. We used, however, in our 
computations, the array of the ‘left’ judgments. 
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not to be numbered among the left-handed. At met all that his results indicate 
is that Os of the intermediate type exhibit a positional preference similar to that 
of the right-handed. 

The results of this experiment also show that the eyedness of our Os does not 
agree with their handedness, but that it does, curiously enough, agree with their 
positional preferences. Ne and SA are left-handed, right-eyed, and predisposed 
toward the right; Fx is ambidextrous, left-eyed, and predisposed toward the left. 
Whether the correlation between eyedness and positional preferences, which is 
perfect for our Os, is significant we cannot say. Future experiments alone can 
determine that. We are, however, of the opinion, in spite of its being perfect 
for our Os, that it is not significant. We come to this conclusion because of the 
following reasons. (1) Earlier experimenters have found a high correlation be- 
tween eyedness and handednesa*there is a zero correlation for our Os. (2) Crossed 
ocularity types, particularly crossed sinistro-ocularity, are rare, occurring in 
only 1.7% of Mill's cases*—and yet two of our Os belong to this type. (3) The 
eyedness of the Os in the earlier experiments performed in this laboratory does 
not, insofar as we have been able to obtain information concerning it, agree with 
their positional preferences. (4) Since the retinas of each eye are connected 
with both hemispheres, it would be difficult upon any known theoretical basis to 
explain positional preference by eye dominance. We have no right, to be sure, to 
negate our own results, but here is an instance where the results, we believe, are 
adventitious; where they are due to an error of sampling. 


Summary and conclusions. The results of this study, which corroborate those 
earlier obtained, may be summarized as follows: (1)- All of our Os (two are left- 
handed and the other one ambidextrous or of a mixed, intermediate type) show 
positional preferences. (2) The position to the right of fixation has an attentional 
advantage for the left-handed Os, and the position to the left of fixation has an 
attention advantage for the ambidextrous O. (3) Eyedness and positional prefer- 
ence agree—the left-handed Os are right-eyed and predisposed toward the nght, 
the ambidextrous O is left-eyed and predisposed toward the left. 

In spite of the high correlation between eyedness and positional preference 
obtained in this experiment, we do not believe that the relation is significant. 
It is, we feel, adventitious, being due to an error of sampling. We feel justified, 
however, upon the basis of the other resulta of this experiment in concluding: 
. (a) that position is a condition of attensity (clearness, vividness) and a deter- 
minant of attention; (b) that the specific positional preference is a matter of 
the handedness of the O—right-handed Os being predisposed to the left and 
left-handed Os to the right; and (c) that added plausibility is given to the neuro- 
logical theory advanced in explanation of positional preference. 

eB. 8. Parso t- Handedness, 192 Ll Eyedness and handed- 
ness, Amer. J: Ohi 8 1925) 1-9; J J i E Donub ove a of dextrality and their 

implications, this slg 1927, 327-333; . B. ; The interpretation of 


edness, J. Exper. Psychol., E Ios 29; W alter Miles, Ocular dominance 
demonstrate by unconscious sighting, ibid., 12, 1928, 113-126. 
"Mills, op. ctt., 5. 
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APPARATUS 
AN ELECTRICAL PNEUMOGRAPH 


By WiLLiAM H. Grusss and Carmrian A. Rucesock, University of Iowa 


In eonneeiion with our investigations in the field of emotion & need arose for. m. 


_in the breathing processes for two reasons: first, as a check against muscular con- 
tractions which also might have left a galvanic record; secondly, because we wished 
to analyze the breathing curve as an accessory item in the method of expression to 
run parallel with our introspective accounts. It is well known that even slight 
movements ir. the respiratory tract, such as coughing or clearing the throat, leave 
immediate traces in terms of a galvancmetric deflection. This can ordinarily be 
distinguished because the response is immediate while the galvanic deflection that . 
is due to emotional or affective changes cornes only after & latent period. But 


where a signal has not been recorded for the onset of the affective experience, , 


breathing and other responses have to be checked off from the total record. At. 
present, as‘far as the authors know, there is no reliable procedure available for: 
pho »ographically recording by electrical means the pneumographie techniques 
used in ' conjunction with such an apparatus as the Hathaway device or the., 
Wechsler- galvanometer. 

| We first tried various adaptations of variable wire-wound resistances. P 
could be worn on the chest or abdomen but we acon discarded these even when 
special types of resistance-wire like small cast oars of nichrome bismuth and other 
high resistance-metals were used. Such devices either did not slide easily enough 
‘or left a jerky record. We firally hit upon the plan of using a carbon button 
„similar to the button found in a telephone transmi:ter (Fig. 1). This button was 


| , electrically recording changes of breathing. We needed to catch any variations: u^ 
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mounted inside a fiber case on a thin strip of spring brass (A, A^). The elasticity ~ p 


of the spring tended to increase the ratio of external pressure and the limit.of .- 
compressibility of the carbon granules (E) inside the button. The diaphragm 
was formed of a slightly arched disk of celluloid (B) to the center of which was 
attached a sinall disk of aluminum (C) with the appropriate electrical connections. 
(F) to complete the cirevit within the apparatus. ‘The contact between‘ the: 
carton button and the diaphragm was softened and made more flexible by a rim. 
of absorbent eotton (D) around the button. . 


Wires led from this case to a battery containing two 1.5 volt cells and- a a 


Wheatstone bridge. From this box wires led to a sensitive milliammeter of 1 
milliampere range which for our purposes had the shunt removed and was en- 
closed inside of the Wechsler photographically recording galvanometer.' A small 
mirror was mounted on the axis of the deflecting pointer in the milliammeter. 
From this mirror a beam o? light was reflected from a small 4.5 volt oscillograph : 
light suitably housed to prevent leakage inside of the galvanometer box. 
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Fio. I. Tux] D ECRI PRE OE , 


À A’, Strips for attaching &p tus around trunk; B, arched disk of celluloid; 
C, small disk of aluminum; D, rim of absorbent cotton; E, carbon granules; 
F,F', wires for electrical connection, coiled at G for flexibility. 
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Fie. 2. PuoroanaPHic RECORD FROM THR ELECTRICAL PNEUMOGRAPH 


A, galvanometer line; B, respiration record: 1, exciting stimulus presented; 2, 
heart beat showing at crest o wave; T heart beat showing while breath is volun- 
tarily bad; time line í in gec. 
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^ Fra. 3. CHANGES in BREATHING AND GALVANIC REFLEX 
A, galvanometer line; B, respiration record; C, time line in sec. 
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, Fig. 5. Diagram or RECORDING APPARATUS 
C.M., condenser microphone; Amp. C., amplifier control; L.S., loud speaker; 


Pn., po Ru., rubber tubing; W.T., wacer tambour; T.L., tambour ' 
. lever; P., pulley; i 


p Pr., primary; Sæ., secondary; Bat., battery; D.C. amp, D.C. 
amplifier; R.V., recording voltmeter; Su., recordi ; voltmeter to be used in 


cireuit with subject; T., second and minute timers; Ky., kymograph; To D., to . 


dictaphone. 
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At present we are standardizing the deflection so that the recorded curve is 
comparable with the ordinary pneumatic principle usually used with existing 


- pneumographs. But pur records so far indicate a degree of sensitivity which 


.' exceeds that obtained from the present standard equipment (Figs. 2 and 3). 


We are able indeed to record pulsations from the circulatory system at the 
crest of each wave (Fig. 2, B 2) and to get a much longer record of heart pulsa- 
tions when breathing is held (B 3). The instrument can be placed on almost 


‘any part of the trunk although the curves differ for the several positions used. 


. . Some of our best resulta, however, were made when it was placed on the floating 


ribs of the left side. 
The entire arrangement is compat easily portable and is especially adapted 
to use where the O is advantageously removed to a room far from the recording 


- apparatus. For simple arrangements in the drill laboratory and for demonstra- 


tional purposes the standard pneumograph will still have pointe of merit but 
where careful research is planned and especially where accurate photographic 
records are desired as happens in so many of our investigations the electric 
pneumograph ought to find a place in our laboratories. The whole equipment ought 


not to cost’ more than $15, not including the Wheatstone bridge. 


THE MONOPTOMETER: A NEW DEVICE FOR 
MEASURING EYE-DOMINANCE 


By F. H. Lun», Temple University 


The fact of eyedness, t.e. dominance of one eye over the other in visually 


* directed movements, seems to have been recognized long before any attempt was 


yA 
UN E 


vti 


" made to.measure or determine it objectively. As early as 1861, Humphrey re- ` 
‘ ferred to “the correspondence of function between hand and eye."! Again, in 


1881, LeConte called aftention fo the relation which exists between eyedness 


'" “and handedness. Since then a number of other writers and investigators have 


` “dealt with the subject. 


"The first attempt to introduce quantitative measures was made by Parson, 
in 1924, who reported the resulta of teste in which he used the manoptoscope as 
his measure of eyedness.?. This instrument, devised by Parson, consists of & 
conically-ahaped sighting tube and an exposing device which is placed at a distance 
of about 2 ft. from the S. In the canter of the exposing device is placed a fixation- 
disk, with an R to the right of the disk and an L to the left. If the Sisright-eyed ' 
and fixates the disk with the right eye he will, with the left eye, see the R. The 


“L, on the other hand, will be seen with the right eye if the S fixates the one x 
, the left eye. 


In 1930, Cuff published an account of the muanoptomieter* which is an im- 


" provement upon Parson’s manoptoscope, in that the new apparatus permits 
e) of & more accurate regulation of the distance between the S and the exposing 


1G. M. Humphrey, The Human Hand and the Human Foot, 1861, 8. 
"2J. LeConte, Sight, 1881, 107. 
3B. 8: Parson Lefihandedness, 1924, 7 ‘fi. 
AN, B. Cuff, A manoptometer, J OURNAL, 42, 1939, TA 
En ?, D^ : we 
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devis and (b) of the — of the distance between the fixation-disk saa the 
objects seen by the non-dominant eye. In es much as the sighting tube is re- 
tained in its original form, it does not, however, seem to us thet Cuff has obviated 
the chief objections to Parson's device. These objections are (1) the conditions 
under which the S is required to fixate are highly artificial, sincè vision is limited 
to what may be seen through the circular aperture, and the S cannot be guided— 
as he normally would be—by objects seen in indirect vision; 12) with vision thus 
restricted, it becomes largely a chance matter as to which eye first sights, or gets 
inte line with, the object of regard—this being the case, there is a good deal of room 
for chance errors, particularly in the case of Ss manifesting mild dominance; and (3) 
the eyes of the S being shielded from view by the aighting tube E is unable to tell 
whether the S is following instructions. Mcreover, in determining the form of 
dominance present, the experimenter must depend almost entirely upon the S’s 
own report. 

' The monoptometer devised by us (see Fig. 4) was construsted with a view to 
meeting theee objections. It will be seen from the figure that the circle (C) 
mounted upon the bar (E) extending from the head-rest (A) is on a level with 
the slides (D) and the fixation-disk (B). Thus, the S, seated at the head-rest, 
may be instructed to bring the circle into line with the fixation-disk. In doing so 
the S is required to keep both eyes open, and to manipulate the bar (E), and thus 
the circle (C), by the handle (G), which is grasped with the favored hand. The 
experimenter standing opposite the circle, is able to follow the operations of the 
S, end can tell immediately, from the point at which the extension bar (E) comes 


. to reat, which is the dominant eye. If it stops on the right side of the median 


line (a line determined beforehand and marked off on the ber rest (F)), the S is 
right-eyed. If it stops on the left side, the S isleft-eyed. Through repeated trials 
in which the S is required to bring the mounted circle into line from a position 
well to'the right, or well to the left—the procedure alternating—it is possible to 
detarmine both the kind and degree of eye~lominance possessed by the S. If 
dominance is of the less decided or milder form there is apt to be less consistency 
in the point at which the bar is brought to rest in successive trials. 

Since'the apparatus is less & “measure of handedness and eyedness” than it is: 
a "measure of one-eyedness," the term, monoptometer, seamed more appropriate 
than the term, manopiometer, used by Cuff. 

The slides, (D), are not essential to the experiment. They are introduced 
merely as a convenient means of demonstrating to the S which eye is used in 
sighting. In the absence of these slides, a bcok, or card, may be held in front of 
the dominant eye, so that the S can see for himself which eye he is using. 

In order to secure a comparative measure of the monoptometer and the 
mandptoscope, 526 Ss were tested for eyedness, using first the one instrument 
and’ then the other. The monoptometer tests yielded 69.8% right-eyed, 25.5% 
liteved. and 4.6% binocular and ambiguous. The manoptoscope testa yielded 
63.7 % right-eyed, 20.4% left-eyed, and 15.9% binocular and ambiguous. In the 
casa of the latter, the decrease inthe number of right-eyed and left-eyed, and the 
decided increase in the number of binocular and ambiguous, may be attributed to 
the special conditions of testing when the manoptoscope is used. Also, to the 
faci that, with this instrument, it is largely a chance matter as to which eye first 
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gets into line with the disk. Then, again, the size of the circular aperture in the 
sighting tube, and the distance at which it is held, permits the S to bring together 
the images of the two eyes, or, at least, to cause an overlapping of the images 
within the limits of the disk. 

In view of the facts we have considered, the monoptometer would seem to be 
superior to other devices for measuring eye-dominance, first, in that the test 
conditions are more objective, less artificial, and more nearly in accord with the 


. requirements of ordinary vision; secondly, in that the form of dominance can be 


determined without the aid of the S’s report; and, thirdly, in that it is possible 
- to secure quantitative results, not only with respect to kind of dominance, but 
also with respect to degree of dominance. 


COMBINING THE BREATHING UNDAE OF SPEAKER AND LISTENER 
WITH THE DICTAPHONE RECORD OF THE SPEECH 


By LYMAN SPICER Junson, Alabama Polytechnic Institute 


The writer has pointed out that the breathing of the listener is affected by 
the stimuli of the heard words.! It has also been noted by MacDougall,? Gamble,” 
Wycozoikowska,* Clark,’ Golls and Antonovitch,* and others that the breathing 
of the speaker not only varies during thinking, silent reading, whispering, and 
overt speech, but that it probably varies with different kinds of thinking, reading, 


^ and speaking. 


The apparatus described provides an eie means of recording the breath- 
ing of the speaker and listener, and of furnishing an accurate identification of the 
word-breathing relationship. Essentially, the equipment makes it poasible to 
record every breathing movement of the thorax (and abdomen, if required) and 
to record at the same time the word or words which accompanied the breathing 
movements. The two are closely correlated by identical timing devices. 

Fig. 5 shows the spring pneumograph worn by the speaker.” This impinges 
a column of air directly to a knife-edge, water tambour. The tambour lever 
operates, over a pulley system, the moving coil of the Electrodynamic Recorder. 
This latter unit consists of a light movable coil cutting lines of force in the field 
of an energized primary helix. The induced current set up is amplified and con- 
trolled through a D.C. amplifier for convenient operation of a zero-center, dead- 
beat recording voltmeter. The voltmeter lever writes directly on the kymograph 

1L. B. Judson, Objective studies of the influence of the speaker on the listener, 
J. Expression, 4, 1929, I-II. 

*R. MacDougall, The physical characteristics of attention, Psychol. Rev., 3, 


. 1896, 158-180. 
sE. “A. McC. Gamble, Attention and thoracic breathing, this JOURNAL, 16, 


1905, 261-292. 
A. Wycozoikowaka, Theoretical and a studies in the mechanism 


. ofs pooch, Psychol. Rev., 20, 1913, 448- 


458. 
Clark, An experimental aa ‘of silent thinking, Arch. Psychol., 7, 


1922, (No. da I-IOI. 
of. L. Gola and S. Antonovitch, The respiratory rhythm in its relation to 


the a of tho cum 52, 1929, 491- 
"Ihe a rder may be = ratiy with the air-pressure 
system of Golla and Antonovitch. 
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paper. Two of these combined air-recorder units may be used in obtaining both 
. thoracic and abdominal records. Any convenient number of these combinations 
may be used to obtain the breathing undae of the speaker and one or more 
listening Ss. For long speeches a switch in the recorder circuit between the . 
amplifier and the voltmeter permits almos: instantaneous.change from one 
 kymograph to a fresh kymograph record. 

The speech to be recorded is passed thrcugh a condenser microphone and 
amplifier to a loud speaker. The loud speaker is in close proximity to the time- 
markers indicating seconds, minutes, or any other convenient interval. In addi- 
tion to marking the kymograph record, these timers are adjusted to click loudly 
or to ring & small bell. These audible time-markings are received, superimposed 
on the speech, by the dictaphone. Thus the breathing of the speaker, as recorded 
on the kymograph, is timed by the identical timer which times the speech on the 
dictaphone record. This provides an objective record of the cause-and-effect 
relationship of speaking and breathing, which may be studied with the assurance 
that it shows the original correlation of the two factors. 

For long speeches, continuity of the dictaphone record may be assured by 
using two dictaphones and over-lapping the records. 

The use of this apparatus makes it possible to apply objective measurements 
to changes in breathing on the part of the speaker, due to (a) internal conditions 
and (b) external conditions (e.g. applause, hissing, which can be directed by 
accomplices of the experimenter), and to changes in breathing on the part of one 
or more listeners, due to the influence of the speaker or of the crowd. The utiliza- 
tion of distant recording devices, such as the Electrodynamic Recorder and the 
microphone, makes it possible to measure changes in the actual audiénce-situa- 
- tion with laboratory accuracy. The recording may be done at any convenient 
distance from the audience. 

With the close coóperation of the speaker, and by having the listeners under 
observation scattered in the audience, it is possible very nearly to duplicate the 
normal audience-situation. ` 


APPARATUS NOTE 


A SmerLe Device rog Propucuve an ILLUSION or Semen MOVEMENT 


The device described here is essentially & modification of the well-known 
barber-pole illusion. A cylinder of any stiff material is spirally striped or grooved 
to produce the effect of a barber-pole. A large disk or washer is inserted tightly 
over the cylinder and fastened at about the center of its length. The dimensions 
of the parts depend on the use of the device. For demonstration purposes a rod 
18 in. in length and 2 in. in diam. gives satisfactory results. This is inserted 
through & washer 1 in. thick with an external diameter of 4 in. and a hole cut as 
close as possible to the diameter of the cylinder. Rotation of the device results 
in an apparent movement of the washer along the axis of the cylinder. This 
movement can be eliminated only by establishing visual points of anchorage on 
a stationary background. Weston A. BOUBFIELD 

. Tufte College H. Ban&r, Jn. 


! Of. J. P. Guilford, Illusory movement from a rotating. barber pole, this 
JOURNAL, 41, 1929, 686 f. 
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NOTES AND DISCUSSIONS 


A CASE OF APPARENT BLuE-BLINDNESS 


R is a young woman I9 years of age and next to the eldest of a family of 6. 
children consisting of 4 girls and 2 boys. She has had, as far back as she can 
remember, difficulty in the perception of certain colors. So far as she knows no 
one else in her family has had such trouble, nor has she herself had any accident 
affecting her eyes. Her eyes are grayish blue in color and appear normal to the 
ordinary observer. When asked her favorite color she replied, “blue.” She has 
never needed to wear glasses. 

R was first given the Nagel test.! In this test she named all colors correctly 
except in the case of Plate B-r, in which she called the yellowish brown spots 
green and the brown spots a darker green. Since this test showed E not to bea 
case of ordinary red-green blindness, an attempt was made to determine whether 
she was a case of so-called blue-blindness. This was done by means of testa made 


especially for the purpose: 


TABLE I 
SHowina A’s ABILITY To DISTINGUISH LETTERS IN A Coron-CoNrFUSON Test 
Plate Color Letter Response 
Y-O St. and V-R St. 
G-Y St. and G St. 


' Ro-V St. and G-Y St. 
G-B St. and B-G St. 
Y-G Bt. and B-V Tint 1 
Y Tint 1 and G-B Tint 1 


OV Cn 4 QC Mor 
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Plates were prepared of bits of paper of different colors stuck on & white back- 
ground of ordinary drawing paper. A letter was made up of particles of one color 
surrounded by particles of another color interwoven about the letter. The letter 
could easily be discerned by a person of normal color vision. The colors used in 
making up the plates were Milton Bradley standardized colors. The bits of color 
were about 34 in. across and the letters about 114 in. high. The plates were held 
about 15 in. from KR. 

The construction of the plates used in the first tests for blue-blindness is shown 
in Table I. In this table the colors and the letters used in the various plates are 
shown in the second and third columns, while #’s responses are indicated in the 
fourth. The colors are abbreviated as follows: Y-O means Yellow-Orange; G-Y 
means Green-Yellow; Ro-V, Rose Violet; G, Green; G-B, Green-Blue; B-G, Blue- 
Green; Y-G, Yellow-Green; B-V, Blue-Violet; Y, Yellow; and St. means standard. 
Every plate was first presented to a normal S (who indicated by a nod of the head 
if she perceived the letter) and then to R, who gave an oral response naming the 
letter or else indicating that she could perceive no letter. A plus sign in the 


IW, TE Tafeln zur Untersuchung des Farbenunterscheidungs-Vermógen, 
oth ed., J. F. Bergman, Weisbaden, Germany. 
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fourth column indicates that E was able to distinguish the letter; a minus sign 
that she could distinguish no letter. The tests were presented in good daylight. 
'The results show that the letter V in G-B 8t. on & B-G Bt. background alone 
passed unnoticed. 

Further tests were constructed on a similar plan for the purpose of finding out 


whether E could distinguish between shades or blue and gray. Five blues (1-5) 


and 6 grays (A-F) were used. In Table II correct designations for each of the 
blues (taken from the Milton Bradley Standard Color Chart) appear horizontally 
across the top of the table, while names of the grays according to the same chart 
are given in the vertical column at the extreme left. A plate composed of Gray 
A and Blue 1 will be designated as A (1), one composed of Gray B and Blue 2 as 
B(2) ete. The letter used in each plate is shown in the first vertical column 
under each caption; the responses to the various plates as they were presented to 
R, in the next two columns. A plus sign in the second column indicates that R 


TABLE II: 


Ssowme E's ABILITY TO DISTINGUISH LETTERS AND COLORS IN A bns 
Bricutness ConFusion Tret 


Blues 

. (1) (2) (3) (4) (5) 

Grays Shade 1 Tint 1 Tint 2 G-B Tint G-BS&t.. 
A. Very dark, a 

almost black H++ X++ L+- U+ A++ 
B. Dark, cool P +- K4- M+- L- - A++ 
C. Light, warn | E ++ S++ T+- J+- 0+- 
D. Light, neutral N +4 R++ A- - A+- E —— 
E. Green-gray, light N + + U+- H+- V +m L ct c 
F. Light, cool E +- Y+- 8 -- UA+ Re 

Failure, letters O 0 2 I 2 
Failure, colors 2 3 6 5 3 
Failure, brightness o 2 I 2 


was able to distinguish the letter in the plate and & minus sign that she was unable 
todo so. In the third column a plus sign indicates that R distinguished the colors 
and a minus sign that she did not. (When R was able to distinguish the letter 
she was asked if the letter and background were the same color). Reading under 
(1) we should have then the following facts shown: in Plate A(1), R was able to 
distinguish the letter (H) and did not confuse the colors which appeared on the 
plate; in Plate B(3) E was able to distinguish the letter (M) but she confused the 
colors. The responses marked by one minus eign show that E was able to perceive 
the letter but was unable to distinguish between the colors. The responses 


marked by two minus signs show that she was unable to perceive the letter and - 


hence could not distinguish between the two colors as to hue or brightness. The 
table shows that 19 out of 30 plates (63.3%) gave a confusion of colors, while 14 
out of 30 responses (46.6%) showed confusion of colors but ability to perceive 
the letter, indicating confusion of colors but not of brightness. Five out of 30 
responses (16.6%) show inability to distinguish the letter, i.e. confusion of both 
color and brightness. 


m ^ 


"- 
NOTES AND DISCUSSIONS 187 


Further tests were made to study Es reactions to shades of green and yellow 
and to blue and green. Table IIT shows the construction of the plates and E's 
responses. The second and third columns show the colors of which each plate is 
composed and the letter used. Columns 4 and 5 give the responses, showing Es 
success or failure in distinguishing the letters and the colors. Thus, reading from 
the table, we see that in Plate 1 made up of G St. and G-Y St. R was unable to 
distinguish the letter J which appeared on the plate, hence the two colors ap- 
peared of the same hue and brightness. In two cases she was unable to perceive 
the letter and in three cases the colors appeared the same. In one case R was able 
to distinguish the letter but confused the colors, showing that she distinguished 
the letter by difference in brightness. 


TABLE III 


SuowiNa E's ABILITY TO DISTINGUISH LETTERS AND COLORS IN 4 CoLoOR-BRIGR'T- 
NESS CONFUBION TEST INVOLVING CERTAIN SHADES OF GREEN AND YELLOW 


Ability to Distinguish 
Plate Colors Letter Letters Colors 
1 G and G-Y J — — 
2 G-Y and Y-G H . + — 
3 Y and G N — — 
4 G-B and G L + + 


Discussion. The first test for what is called blue-blindnesa (Table I) shows 
that, in all but Plate 4, R is able to distinguish the letter. Failure on Plate 4 
indicates confusion as to both color and brightness between G-B St. and B-G &t.; 
but the extent of the confusion of colors is not clear from this test. Table II, 
however, shows most clearly the nature of E's difficulty. In nearly half of the 
responses she could distinguish between grays and blues as to brightness but not 
as to hue. In no case was she able to distinguish the hue of Blue Tint 2 from any 
of the grays nor could she distinguish it either by hue or brightness from light 
neutral gray or light cool gray. 

She had less difficulty, to be sure, with Blue Shade 1, and Green-Blue St. Blue 
Shade r she could distinguish from dark cool gray or light cool gray as to bright- 
ness, though not as to hue. In no case did she confuse Blue Shade 1 with a gray 
both as to hue and brightness. . 

In nearly two-thirds of all cases, however, R confused the hues of the blues and 
grays, showing the nature of her case clearly. She is, as we believe, a cage of true 
partial color-blindness and not just of color weakness. She was unable to dis- 
tinguish either by hue or brightness Blue Tint 2 from light neutral gray or from 
light cool gray; Green-Blue Tint 1 from dark cool gray; Green-Blue St. from light 
neutral gray or light cool gray. 

It will be noted that 3 of the 5 confusions involving both brightness and hue 
occur when the blues were greenish in color. This probably has some significance. 
It will be noted also that 4 of the 5 confusions involve light neutral gray or light 
cool grays. This shows a tendency to confuse the lighter grays and the greenish 
blues both as to hue and brightness. Every gray, however, had its share of con- 
fusion with some one or other of the blues. Very dark, almost black gray wes 
confused as to hue with the least number of blues. 
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The results in Table III shows that R has difficulty also in distinguishing be- 
tween certain shades of green and yellow. She can see no difference in brightness 
nor hue between Green St. and Green-Yellow St. or between Yellow St. and 
Green St., whereas Green-Yellow St. and Yellow-Green St. appear the same gs to 
hus but not as to brightness. i 

It may be inferred from the results of these tests that R’s case is a peculiar one 
of partial color-blindness. Shs is unable to distinguish between many shades of 
gray and blue, and between certain blues; nor can she distinguish between certain 
greens and yellows. The spectrum probably appears to her as different satura- 
tions and brightnesses of red and green, most yellows appearing greenish and the 
blues greenish or grayish. It is difficult to give a theoretical explanation over and 
above the suggestion that thers is some abnormality in the rods and cones of the 
retina which abnormality has no doubt been inherited. There could well be further 
profitable study of R’s case and the writer would be glad to put any investigator 
in touch with her. 

Columbia University. C. E. HuwTINGTON. 


An Unusta Cass or Loas or HABIT 

A pair of gray squirrels which came under my observation regularly per- 
formed two successive responses on hickory nuts, each of which indicated dis- 
crimination of the apical end. Experimentation with these responses resulted in 
the loss of one and the retention of the other by each squirrel. So far as I know 
this is a new phenomenon, and not without interest. i 

The squirrels, a male and a female, were received from a collecting station in 
Texas when about half grown, and kept under laboratory conditions. They never 
' became gentle enough for handling. Except where otherwise noted, they were 
caged together. 

From the time the squirrels were first observed, they turned nuts over and 
over before opening them. During this examination the apical projection was 
bitten off, while the basal projestion was not touched. . 

The opening of the hickory nuts was also found to proceed in a manner which 
required discrimination of the apical end. The squirrels split the nuts into halves 


by gnawing the flattened sides at the base of the apical projection. The kernels. 


were then easily procured by clipping away the thin shell at the basal end. All 
the empty shells, which were in almost perfect halves, showed gnawing at the 
apical end and chipping at the basal.end. An examination of the shells of 85 
consecutive nuts revealed not a single exception. . 

To determine whether the discrimination of the apical end was visual, the 
squirrels were given hickory nuta in a dark room. They opened the nuts without 
hesitation in the same manner as before. 

The animals were returned to daylight and nuts were presented from which 
the projections had been filed off so that both ends were uniformly smooth. This 
destroyed the habit; the squirrels seldom found the apical end; they gnawed at 
random on the surface of the nuts. Of a total of 23 filed nuts, only 2, or 8.7%, 
were.gplit into halves as before. The empty shells of the other nuts were very 


4] am indebted to Ohio State University for the original purchase of the 


squirrels and for permitting them to be forwarded to Michigan State College, | 


wW the observations were made. 
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much gnawed, showing that much more than ordinary time and energy had been 
required to open them. The sensory control of the discrimination must therefore 
have been either tactual or olfactory or both. 

When fed normal nuts the following day, the squirrels bit off the apical pro- 
jection as before. This they continued to do throughout the period of experi- 
mentation. Although the animals were not always observed in the act, examina- 
tion of the shells showed that the apical projections had been ramoved from nearly 
all opened nuts, while the basal end was not scratched. In many cases the 
squirrels were observed in the performance of the response. 

However, the squirrels did not resume their old habit of splitting the nuts, 
but gnawed the surface of the nuts indiscriminately as they had done with those 
that had been filed. Often s large section of & nut was gnawed away, and fre- 
quently even after such exertions not all of the meat was secured. The few cases 
in which the apical end was found seem to have been the result of chance. The 
habit was completely lost. 

For over four months the animals were fed the same kind of hickory nuts as 
before. The only other kinds of food given were some other nuts mentioned later, 
and some vegetables. The shells of the opened hickory nuts were examined at 
intervals to determine the percentage of the nuts which had been split into halves 
by gnawing at the apical end only. 

From March 21, the day after the sensory control tests were made, to April 
15, 215 nuts were opened, of. which 8.7% were opened "correctly". From April 
15 to June 6, 309 were opened with 7.1% correct. From June 6 to June 22 the 
squirrels were fed no nuts whatsoever. Following thisrest, from June.22 to July 5, 
172 nuts were opened and 10.4% were correct. Of the 226 nuts opened from July 
5 to July 30, 13.7% were correct. The experiment had to be discontinued at 
this time. 

From June 22 onward the two squirrels were kept in separate cages. The 
individual records may be of interest in addition to the totals given above. The 
male opened 145 nuts, of which 9.7% were cere opened; the female opened 
253, of which 13.8% were correct. 

It will be recalled that before the filed nuts were presented the squirrels had 
opened roo% of the nuts correctly. Of the 23 filed nuts, 8.7% were correct. 
When 932 normal nuts had been opened after the filed nuts, the correctness was 
only 13.7%. This practice covered a period of over four months. The original 
habit must have been acquired much more rapidly, for the squirrels could have 
been little more than four months of age when they were obtained. 

Before the filed nuts were given, forty each of hazel nuts and of almonds had 


. been presented to the squirrels, and this was repeated after the former manner of 


opening hickory nuts had been lost. In both cases the nuts were invariably 
opened from the apical end, which was the sharper end. Nuts with apical ends 
less different from the basal, such as English walnuts and acorns, were usually 
but not uniformly opened from the apical end, both before and after the presen- 
tation of the filed hickory nuts. The loss of habit was therefore specific to 
hickory nuta. 

In order to throw some light upon the distribution of the P nod of 
opening nuts, 180 hickory nutshells, apparently opened by squirrels, were 
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gathered at random in a forest. Only 34.7% of these were split in half. Either 
this is a learned response acquired by relatively few squirrels or it is an instinctive 
response lost by a large number of squirrels. The first alternative seems 
more probable. E 

The two squirrels here studied accepted and opened wormy nuts of any kind 
as readily as good ones. This fact supports an earlier observation of the author 
that the rejection of wormy nuts is very probably a learned response? — 

It is & matter of commor knowledge that when the difference between two 
stimuli is reduced until the discrimination disappears, the animal may subse- 
quently fail to respond accurately to stimuli which were formerly differentiated 
very easily. In this experiment that is what happened to the "opening" response 
when the two ends of the nut were made indistinguishable. However, in the 
present case, discrimination of the end of the nut was indicated by the removal 
of the projection as well as by the act of opening the nut. The habit of removing 
the apical projection was not lost. The experiment shows that when discrimina- 
tion responses break down ths ability to perceive the difference between the two 
stimuli is not necessarily lost, for the persistence of this ability is witnessed by the 
second discrimination response. But the difference no longer leads to the custom- 
ary response. The change has been associa-ional rather than sensory. 


University of Virginia _ — Wayne Dans 


. A SUMMARY or CERTAIN Faorors IN Current INVESTIGATIONS 
° ON LEARNING AND MEMORY 


This note represents an attempt to summarize certain trends of experimenta- 
' tion on learning and memory reported during the years 1925-1930 inclusive. 
Slightly more than 7% of the total number of pages issued during the period by 
22 psychological publications has been devoted to studies of this type.! A sur- 
vey of this material brought out certain facts pertaining to (1) the size of the 
groups employed, ($) the kinds of subjects experimented upon, and (8) the age 
of the human subjects used. In obtaining the data for the following tables, the 
journals cited. were read, anc any reports of an experimental nature, t.¢. those 
in which factors were systematically varied in an attempt to determine their 
effect upon learning and memory, were included. There was a decided tendency 
foz studies to be titled ‘experimental’ when they were quite obviously statistical. 


*W. Dennis, The rejection of wormy nuts by squirrels, J. Mammalogy, 2, 
1930, 195-201. 

"The journals examined totaled 53,671 pages of psychological literature of 
which number 3,937 pages dealt with "mental tudes ofl ing and mem- 
ory. The following journals were included in this amen A (1) Amer. J. 
Psychol.; (2) Arch. p (3) Australasian J. Philos..and Psychol.; (4) Brit. 
J. Psychol; (5) Brit. Psychol. Monog.;(6) Univ. Calif. Pub. Psychol; () : 
Psychol. Monog.; (8) Univ. Towa Stud. in Psychol; (9) J. A &ychol.; 
zu i use inic; (11) J. ayes Pi p (12) J. App. ae bee? G3) J. 

. Paychol.; (14) J. General $ ag) J. Educ. jon 5 (16) Mind; 
(D 1 Mental Hygiene; (18) Ped. Sem.; (19) Psychoanalytic .; (20) Psychol. 
.; (21) Psychol. Bull.; and (22) Psychol. Monog. 
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Such reports were not included in the present summary, nor were a few lengthy 
theoretical articles supported by meager and incidental experimentation. 

(1) Size of groups. The total number of Ss used in any experimental program 
is of little consequence, the important consideration is the number of S8 used per 
experimental group. Table I is, therefore, based upon the number of Ss used per 
group, and gives for every year of the 6-yr. period the percentage of the total 
number of groups used which falls within certain designated class limits. More 
than 23% of the groups numbered less than 11 Ss. It would seem that such 
studies are worse than useless for comparative purposes. In a number of investi- 
gations college classes were used for research purposes with the apparent implica- 
tion that any two of them were sufficiently equated for experimental comparisons. 
This assumption is gratuitous. The equation of experimental and control groups 
is quite unsettled, especially in the field of infra-human study. Researchers using 
animal Ss rarely make an attempt toward preliminary equation of groups. Label- 


‘ing conclusions tentative does not seem to be sufficient justification for the use 


of groups which are compared without being subjected to some sort of preliminary 
equation. , 


TABLE I 
Parcentace OF THE Tora, Numsur or Groups Usep Eacu Yar waron FALL 
Wrruim CERTAIN Crass LIMITS 

Year I-10 II-20 2699. 31-40 41-50 51-60 61-70 71-80 81+ 
1925 4 22 23 7 6 8 I 9 20 
1926 25 31 I9 - 6 I 10 I 0 7 
1927 20 23 8 8 9 I 2 7 22 
1928 30 I2 I4 6 I 7 6 2 22 
1929 34 I5 I3 6 12 2 2 3 13 

5 6 3 I I 4 


1930 " 29 27 24 


(8) Kinda of Ss. It is of interest that so few studies have been reported upon 
Sa other than vertebrates. One who wishes to approach the problems of learning 
and retention phylogenetically must progress very aketchily until he reaches the 
fishes. Table II partially summarizes the present status of affairs with respect 
to this factor by giving the percentage of the total number of learning and memory 
studies which was concerned with humans, with rats and mice, and with all other 
animals. The major part of the work dealt with humans to the almost entire 
neglect of all phyla except the vertebrate. Lees than 1% of the investigations 
reported involved the use of invertebrates. l 


(8) Age of the human Ss. Theoretically, the problems of learning at any one 
developmental level are neither more nor less important than those at any other. 
For an all inclusive and systematic psychology of the growth of human learning 
ability it i8 essential that there be at least a large number of studies for each age. 
That this situation does not prevail has frequently been noted. There are many 
studies of the learning and retention of college and graduate students, but experi- 


*lhe percen in Table I involve more groups than there were studies 
reported upon. Tni is due to the fact that many single investigations involved 
two or more groups. ' 
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mental investigations of the sbility of pre-school and primary grade children are 
relatively scarce. Table III gives the percentages of the total number of experi- 
mental studies concerned with humans at the different age levels. The limite of 
the age groups cited are arbitrary, but are revertheless most consistent with the 
designations used in the studies reported. Over 62% of the studies conducted 
were performed on adults. 

TABLE II 


PraRcENTAGE OF THE TOTAL NUMBER or LeARNING AND MBMORY Sropims De- 
-VOTED TO DrrrERENT ANIMALS 


Mean for 
Ss 19025 1926 1927 1928 1929 1930 6 years 
Human 68 5I 56 50 56 71 58.7 
Rats and mice 23 I9 33 34 40 25 29.0 
` All others 9 30 II 16 4 4 12.3 
TABLE II: 
PEeRcENTAGE OF THE ToTaL Nomer or Human Srupms PERFORMED ON 
DIFERENT Aas GROUPS "M 
Group 1925 1926 1927 1928 1929 1930 Mean 
Pre-school II 12 16 > 6 II .9 10.8 
Grades I-IV 6 8 5 12 4 2 6.1 
Grades V-VII 2I 5 IO 2I 6 7 11.7 
High school 3 13 4 II 15 IO 9.3 
Adults 59 62 65 50 63 71 62.1 


The following three statements summarize briefly the above tables: (1) Of 
all the groups used in experiments on learning.and memory, 23.7% numbered less 
than 11; (2) 58.7% of such studiee were performed on humans, with leas than 1% 
being devoted to invertebrates; (3) 62.1% of the studies involving humans were 
performed on adulta, with but 17.8% concerning themselves with school children. 

‘De Pauw University SrePREN M. Corny 


A Norn on “A Nearzcrep POESIBILITY IN FREQUENCY TuzoRIES OF HnARING" 

In a recent number of this JOURNAL Kreerer brings forward what he regards 
asa "neglected possibility" in auditory theory. It happens, however, that his 
proposal is no more nor less than a statement cf the volley theory, and as such is 
far from neglected.in present-day discussions. 

Kreezer throws aside our suggestions regarding the volley theory because, a8 
hé asserts, we assume nerve-fiber response insvitably to occur at a particular 
phase in the wave of stimulation. We have made no such assumption. On the 
contrary, in Fig. 2 of our article where the volley theory is represented,? we have 
pictured the fibers as showing variability in their response and hence producing 
by a piling up of discharges a form of distribution curve with a maximum cor- 
responding to the point of maximum stimulation. 


1G. Kreezer, A neglected poseibility in frequency theories of hearing, this 


is re 1931, 6 T 
Gr Wevar f Anl C W. Bray, Present possibilities for audor theory, 
Paychol.. Rev., 37, 1930, EP esp. 376 i. - 
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- The assumption of this type of distribution of discharges is necessary if the 
volley theory (or the telephone theory either for that matter) is to account for the 
resulta that we have obtained experimentally, for, contrary to Kreezer’s supposi- 
tion, our amplifier and telephone receiver system will not distort to the extent of 
giving a sine-wave type of response to & signal that departs at all widely from it. 
His suggestion that the nerve-discharges are distributed uniformly throughout one 
half-cycle of each wave is therefore not possible, for such a “square wave” type of 
response would be distinctly noisy in ita acoustic effect, and would not be adequate 
to the clear transmission of speech. The use of high-frequency oscillographs, 
which he proposes for testing this point, is thus hardly necessary; yet if he had 
examined our reports carefully he would have learned that we have made use of the 


- cathode ray oscillograph in these experiments, though primarily in measurements 


of intensity where such instruments indeed excel the telephone receiver. We may 
say here, in order to leave no chance for misunderstanding, that our oscillographic 
studies check with the work with the telephone receiver in excluding such a type of 
response as Kreezer suggests. 

Incidentally we add that Gasser did not “develop” the cathode-ray oscillo- 
graph, nor did Rosenberg develop the bifilar oscillograph, though each deserves 
the credit of using these instruments in nerve studies; and that the discussion of 
quanta of intensity, which Kreezer enters into (with certain arithmetical peculiari- 
ties), is pointless in the utter absence of experimental results indicating such 
quanta in this or any other sense-field. For, indeed, it is & serious stumbling- 
block of "straight telephone" theories, along with the simple place theories, that 
they require that quanta, either of intensity or of pitch, be assumed despite the 
absence of experimental indications of them; and it is a particular merit of the 
volley theory that it leads to no such assumption. 


Princeton University ` i E. G. Waver 
C. W. BRAY 


Taa THIRTY-NINTH ANNUAL MÐETING OF THE AMERICAN 
Á PSYCHOLOGICAL ASSOCLATION 


The thirty-ninth annual meeting of the American Psychological Association 
was held at the University of Toronto, Toronto, Ontario, on Thursday, Friday, 
and Saturday, September 10, 11, and 12, 1931. Registration figures show a total 
of 448 persons in attendance classified as follows: 128 members, 166 associate 
members, 29 newly-elected members, and 125 persons not affiliated with the 
Association. 

At the business meeting, 5 new members and 264 associate members were 
elected. The Secretary announced that the mail ballot on the question of alter- 
nating Annual Meetings east and west of the Appalachian Mountains showed 
655 favoring such policy and 161 opposing, and that the mail ballot on the ques- 
tion of September vs. December as the time of meeting showed 581 favoring 
September and 238 favoring December. The By-Laws were amended to provide 


*Wever and Bray, The nature of acoustic response, J. Exper. Psychol., 13, 
1930, 380. 

4For a discussion of this matter of quanta, see E. G. Boring, Auditory theory 
with special reference to intensity, volume, and localization, this JOURNAL, 37, 
1926, 160. 
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for holding future Annual Meetings during the first two weeks of September. 
Another change in the By-Laws moves the date for closing applications for 
Associate Membership from March x5 to July r. It is to be noted that the date 
for closing applications for members and for transfers from associate to member 
remains March 15. It was voted to accept the invitation of Cornel] University 
to hold the fortieth annual meeting at Ithaca, N. Y. on September 8, 9, and 10, 
1932 and to appoint Professor Madison Bentley as a member of the Executive 
Ccmmittee for 1931-32. The Council of Directors was authorized to make ar- 
rangements for a meeting in Chicago in September 1933. Newly-elected officers 
are: President, Walter R. Miles; Directors, Calvin P. Stone and Edward C. Tol- 


man; Secretary, Donald G. Paterson; Division of Anthropology and Psychology, . 


N.R.C., K. B. Lashley and Joseph Peterson; S.8.R.C., Carl C. Brigham; A.A.A.S. 
Hervey A. Carr and. Walter F. Dearborn. The appointment of Herbert 8. 
Langfeld as editor of the Psychological Monographs was ratified. Leonard T. 
Troland, Clarence E. Ferree, and A. T. Poffenberger were appointed to represent 
the Association on the Inter-Society Colo- Council. J. McKeen Cattell was 


appointed as the Association's representative at the Seventh American Scientific — 


Congress to be held in Mexico City, Mexico, in February 1932. 

The program represented a departure from previous practice in so far as no 
scheduled Round Tables were included. Ten sessions for formal papers were 
scheduled, designated as A or B programs, and seven additional seasions, desig- 
na;ed as © programs, were scheduled for briefer reports, titles only listed in the 
Abstracts. Forty-eight papers were presented by members and associates in the 
A and B programs and -fifty-seven ten-minute reports were presented in the C 
‘programs. Without making a detailed quantitative analysis of the program in 
comparison with previous programs, cne gains the impression that the bulk of 
present-day experimentation, as reflected in the Toronto papers, is concerned with 
what Woodworth designates as the “psychology of performance,” the subjects 
being rats, primates, new-born infants, pre-school children, college students 
representing adults, and the senescent. There were very few papers on applied or 
. technological psychology. 

On Thursday morning tke Section of Clinical Psychology held its annual 
meeting followed by presentation of six papers. The newly-elected officers are: 
Chairman, Fred Kuhlmann; Secretary, Luton Ackergon; and other members of 
the Executive Committee, T. C. Hegge, M. R. Trabue, and F. N. Maxfield. 

On Thursday afternoon at 4:00 p. m. an informal conference on studies re- 
lated to the broadcasting of psychology was sponsored by the Committee on 
Psychology appointed by the American Psychological Association to coóperate 
with the National Advisory Council on Radio in Education. The attendance and 
discussion clearly indicated wide-spread interest in the educational and research 
opportunities afforded by the radio. 

The University of Torontc was host at a delightful tea held in the Quadrangle 
of Hart House on Friday afternoon. The tea was followed by an open house 
affording delegates an opportunity to visit all departments of Hart House which 
is a “cultural center" in the broadest sense of the term. 

On Friday evening, the Reverend Dr. H. J. Cody of the Board of Governors 
of the University of Toronto cordially welcomed the Association Membership and 
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gave a brief history of psychology at Toronto, including an account of ita present 
status as & subject of instruction, research, and state service. This was followed 
by the Presidential Address, '"The Psychological Study of Behavior," by Dr. 
Walter S. Hunter in which it was argued that psychology seeks to describe and 
explain extrinsic behavior whereas physiology deals with intrinsic behavior. 
Extrinsic behavior is not dependent upon a specific organ for its manifestation nor 
upon a fixed mode of response in any given organ but primarily involves adapta- 
tion to the external environment including the latter’s social phases. Attention 
was also directed: to the difficulties inherent in classifying psychological forma of 


~ behavior because of the character of the behavior studied. These difficulties are 


not present in physiology since the latter science studies behavior which can be 
classified in terms of the structures involved. 

The facilities for the meeting were uniformly excellent as regards dormitories, 
dining arrangements, and size and location of the rooms and auditoriums used for 
the various programs. Professor Bott and his associates. proved themselves to 
be ideal hosts. 

University of Minnesota Donar Q. PATERSON 


Tar NATIONAL Resparce CouNcis Funp ro Surronv RESDARCH 


The National Research Council has been given the administration of a limited 
fund from which grants can be made in comparatively small amounts toward the 
support of the research of American investigators in the atura goiences. The 
field includes Psychology: 

The Committee in charge of the Fund has adopted the following administra- 
tive policy: 

(1) Grants will be made tò cover such expenses as apparatus, materials 

and supplies, technical assistance, and, in special cases, field 
expenses. 

(2) In general, grants will not be given for personal salaries or fellow- 

ship stipends, for expenses of publication, for the purchase of 
books, or for travel to attend scientific meetings. 
(3) Preference will ordinarily be given to the support of investigations 
(a) which can be completed with the aid of the grant, (b) toward 
which the institution to which the applicant is attached also con- 
tributes financially or through special support, and (3) for which 
a grant of not more than $1,000 is requested. ` 
(4) A report of progress, with items of expenditure, should be made 
by the grantee to the Secretary of the Committee at least twice 
a year, as of December 31 and June 30. 

(5) The title to property purchased from grants will remain with the 
National Research Council until ultimate disposition is made by 
the Council. 

Applications should be made as early as possible. 

Grants made during the past year of particular interest to Psychology are 
as follows: 

L. W. Max The physiological basis of thinking 
Elsie Murray Investigations in color-vision 
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H.C. Sanborn Heritability of the songs of birds 

R. C. Travis Speed and characteristics of reflex and volun- 
tary eye-movements as indicators of the ade- 
quacy of adaptive behavior 

K. M. Dallenbach Studies in neural regeneration 

E. C. Tolman The inheritance of maze-learning ability in rats 

F. Fearing The functions of the non-acoustic portion of 

the labyrinth in pigeons 

J. å. MeGeoch The influence of the time-interval and of the 
point of interpolation upon degree of retro- 
active inhibition 

Sophie De Aberle Grawth and development’ of southwestern 
Indian children 


Address Grants-in-aid, National acai Council. 2101 Constitution Ave., 


Washington, D. C. 
M.B. 


EXCHANGE or Opp VOLUMES AND PARTIAL SETS OF PBYCHOLOGICAL JOURNALS ` 
Most psychologists possess incomplete seta of some of our American and 


European ‘periodicals. The National Research Council has thought it worth 
while to offer its services as a clearing house for the completion, exchange, and 
possible sale of these partial sets. The recent publication of A. Volume-Year 
Check List of Psychological and Allied Jcurnais makes this time favorable. Pro- 
fessor E. S. Conklin has been gcod enough to list here by volume and yéar a large 
number of our periodicals. (Vol 1, No. 2, Psychol. Ser., University of Oregon.) 
The pamphlet sells for fifty cents a copy. 

If you are sufficiently interested in disposing of, or in completing, your partial 


seta, drop a card or note to the Council saying that you will pay-for a copy of - 


the check list. Your order will be forwarded to the University of Oregon Press, 
and the check list with bill sent you directly. Upon ita receipt you may indicate 
upon it by the word “buy” any volumes you desire to purchase, and by the 
word “sell?” (adding price by lot or volume) any volumes which you would be 


willing to dispose of. Then send the check list to this office; and if & sufficient : 


number of returns are received they will b2 consolidated and you will be informed 
of opportunities for sale or exchange. The Council will act only as a center of 
information. Actual selling and buying n2gotiations should be.made directly be- 
tween seller and purchaser. 

If you prefer to type your list (Indicating each year, volume and issue of each 
journal), you may send this list instead of the Oregon list to Division of Anthropol- 
‘ogy and Psychology, National Research Council, 2101 Constitution Avenue, 
Washington, D. C. 

i l M. B. 
A CORREJTION : 

In my note on a “Neglected Possibility in Frequency Theories of Hearing” 
in the October 1931 number, the figure for the refractory period, on the basis of 
which the calculations are made (pp. 660 f.), should read 0.005, not 0.02 sec. 


University of Berlin i Groxcs Kraemer 
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BOOK REVIEWS 
. Edited by Joszra PETERSON, Peabody College 


Social Psychology: An Analysis of Social Behavior. By KxwsAnL Youna. New 
York, Alfred À. Knopf, 1930. Pp. xii, 674. 

Starting with the definition "Social Pgychology deals with the study of per- 
sonality as it develops in relation to social environment," the author divides his 
subject into five parts as follows: (1) on the social setting of human behavior, in- 
cluding also a brief introductory chapter and also a discussion of group life of 
animals and men and the nature of culture; (2) on the psychology of individual 
behavior, differing only slightly from the usual general introductory psychology; 
(3) on personality and group participation, covering the topics of language and 
social interaction, early conditioning, and influence on the personality of primary 
and secondary group contacts, occupational attitudes, leadership, authority and 
prestige; (4) on personality and subjective patterns as symbolized in language and 
exhibited in group life especially in myths and legends, and also on various types 
of race, national, religious and occupational personalities and prejudices; and 
(5) on the crowd and the public as groups in relation to personality, ending witha 
digcussion of the psychology of the audience. There is an index of names and of 
subjects. At the close of each chapter suggestions and references are given for the 
student. The book is planned to be used as a text in connection with the Seurce 
Book for Social Psychology by the same author. 

The style is clear, and interest is insured by the use of many concrete incidents 
and facts. It is up-to-date, and as objectively scientific, and nearly as well 
organized as the present state of the science makes possible. It will undoubtedly 
take a high place among works in this field, and be very useful as a text. For the 
latter purpose Part Two could easily be omitted for students who have already 
had courses in psychology. It would probably have been better to omit technical 
details, especially physiological psychology, and to make this portion a briefer 
introduction to the dáta of general and individual paychology, necessary to the 
understanding of socigl psychology proper. 

It is always difficult in organizing a new body of sentis knowledge to deter- 
mine the chief center of interest and fix the bounds of the science. It was an im- 
portant change in the development of the science of social psychology when All- 
port demolished the indefinite, unfruitful idea of a “group mind" and centered 
interest on the individual, but in the opinion of the reviewer, another shift is 
needed. If we transpose Young’s definition thus: Social Psychology deals with 
social environment as it develops in relation to personalities—we have'a change in 
the center of interest that will be useful in the future development of the science. 
Ultimately it will be necessary to recognize that the center of interest for social 
psychology is neither personality as'such, nor social environment as such; but 
these two factors interacting under certain physical conditions in determining 
group conduct and in developing human institutions. The latter aspect of social 
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psyehology is not ignored by the author, but the development of individuals 

rather than of institutions is stressed, elthough perhaps not more than is justified 

in the present state of knowledge of the social sciences. l 
Leominster, Massachusetts E. A. KIRKPATRICK 


The Language Development of the Preschool Child. By Dorormsa A. Mc- 
Canrux. Minneapolis, The University of Minnesota Press, 1930. Pp. riii, 174. 

This monograph begins with an historical sketch of the main contributions in 
this line by previous investigators. The study was carried out on a total of 140 
children, 20 divided evenly as to sex representing each of the following ages: 18, 
24, 30, 36, 42, 48 and 54 months. The observation on each child was made within 
& month and & half of its classified age, and the subjects were so selected as to be 
fair samples of the preschool population of Minneapolis. For this selection the 
occupation of the father was used as criterion, and the Barr-Taussig Six-Fold 
Classification of Occupations was applied to the adult male population of Minne- 
apolis between the ages of twenty-one and thirty-five years, the percentage of 
each type of population being calculated from the 1920 census report. The 
mental test records of the children, by the Kuhlmann Revision of the Binet Scale, 
showed the mean I. Q. to be slightly above roo at each age-level represented, and 
the girls were slightly superior to the boys. Despite very careful procedure it 
was, however, not possible exactly to equalize throughout all groups such factors 
as the codperation of parents, the interest of parents in the free clinics and the 
greater stability of the population from which the samplings were chosen. Each 
child was observed individually in familiar environment for & period during which 
fifty consecutive verbal responses were recorded under carefully controlled condi- 
tions. Any response marked off from the praceding and succeeding remarks by & 
pause was considered as a separate unit. 


An analysis of the results reveals certain recognizable stages of linguistic de- y 


velopment and changes in the relative proportion of the different “parts of 
speech.” It is observed that words as used by the child hardly fit into the differ- 
ent parts of speech as outlined by grammarians. Often a word may represent a 
complete sentence, and its classification by adults is dificult. In early stages of 
development the number of incomprehensible responses was large, and with ad- 
vance of age'it decreased faster in the case of girls than in that of the boys. The 
same order of development was also found through changes from simple to com- 
plex sentences, showing, in conformity with the results.of intelligence testa, 
greater precocity in the girls. The details of changes in emphasis on different 
parts of speech as age advanced were not significantly different from those already 
well known. Though the paychologists contributions to the knowledge of 
language development has in the past been small, it is evident that his part in the 
future scientific studies of this kind is likely to be considerable. The main con- 
tribution of the present study seems to be the greater precautions as to represen- 
tative samplings, larger number of subjects and impartial recording of linguistic 
responses. It is obvious that much is yet to be done in recording objectively these 
responses through a long period of time. The children of the upper classes in 
general showed more rapid development than those from lower social strata. 
It is interesting to note that the child who is barely making a beginning in language 
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at 18 months gains proficiency in his vernacular, learning several thousand words 
for use in various more or less complex sentence relationships, i in the short period 
of three years. J. P. 


Statistical Résumé of Spearman’s Two Factor Theory. By Kanu J. HOLZINGER. 
Chicago, University of Chicago Press, 1930. Pp. 43. 

In this forty-three page monograph, Holzinger has given a more clear and 
readable presentation of the statistical aspects of Spearman’s two-factor theory 
than has appeared in any one publication. 

The résumé includes the derivation of the tetrad difference function, an ac- 
count of the probable error of the tetrad difference, and also the best approxima- 
tion formulas for the probable errors. A list of all the possible tetrad differences 
of five variables and their probable errors is given along with a sample problem 
showing how these formulae are used. 

Finally, there is a discussion of other feto patterns. Such patterns, while 
of theoretical importance perhaps, do not seem to fit most of the empirical data 
any better than the simpler two factor pattern of Spearman. In addition, the 
statistical procedures necessary to an investigation of group factors are much 
longer and more clumsy to handle. 

If one wishes to make use of the technique of the tetrad difference, this 
monograph will prove very valuable. 


Ohio State University Hangonp A. EDGERTON 


Pleasure and Instinct: A Study of the Psychology of Human Action. By A. H. 
Bururon ALLEN. New York, Harcourt, Brace & Co., 1930. Pp. ix, 336. 


Following a brief sketch of theories of pleasure and ‘unpleasure,’ or feeling, 
regarded both as affective and as akin to sensations, the author takes the position 
that “Pleasure is the mental element which accompanies the sensations of the 
bodily processes when they proceed in a normal fashion” (p. 60). With strong 
stimulation. pleasure may be enhanced. Unpleasure occurs with conflicts among 
the vital impulses as affected either by under- or over-stimulation. But what 
does this have to do with the control of human action? The reader who asks 
this question critically with an idea of getting an insight into the methods of 
control of the vital processes finds nothing of a scientific nature, but only un- 
verified assumptions or implications of causation by subjective phenomena which 
are associated with activity (probably only different aspects of it). The results 
are not markedly different from attempts to explain a man’s life activities from 
the movements of his shadows. ‘Conation’ plays an important part in the general 
speculations of this volume. Many of the British psychologists and philosophers 
would seemingly profit from a thorough and critical analysis of the implications 
of their concept of conation which plays no part in American psychology. 

A discussion of some of “the human instincts,” largely according to Me- 
Dougall’s early conception, including the ‘impulse to power,’ altruism (also 
treated as an instinct), and others, as they are related to conation and the general 
struggle to maintain the basic nutritive processes, occupies over 130 pages. The 
inheritance of acquired tendencies is assumed without regard to current biological 
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data to the contrary. Self-consciousnes3 is regarded as playing a part in a rudi- 
mentary form in such "instinets' especially as fear and anger, and in the higher 
' ‘conative’ developments they emerge as the more explicit consciousness of the 
unity of personality. But even this higher stage, fortunately, is found to come 
into being as a result of our mental constitution and not by direct individual 
choice.’ Later chapters deal with relations of feeling to instincts and to sensa- 
tions, aesthetic experiences, ideomotor action, and ‘the psychology of values.’ 
No positive contribution to psychology is made in the book, which follows the 
older arm-chair, reflective methods with not a touch of scientific procedure. The 
volume is of little value to the individusl who is attempting by verifiable hypo- 
theses and experiments either to extend pur knowledge of psychology or to learn 
about its established results. It is indeed unfortunate that books of this kind 
apparently consume so much of the study-time of serious-minded studente. 
There are, of course, points o? view from whioh the book is interesting. 
JP. 


Encyclopaedia of the Social Sciences, Vol. I. Epnwiu R. A. SELIGMAN, editor- 
in-chief; ALVIN JOHNSON, associate editor. New York, The Macmillan Co., 1930. 
Pp. xxvii, 646. 

For the psychologist, the appearance of the first volume of the Encyclopaedia 
raises the interesting question of the relation between psychology and the so- 
called social sciences. The editors deg&gnate psychology as one of the semi- 
social sciences, along with ethics, education, and philosophy; the social sciences 
proper are politics, economics, law, anthropology, sociology, penology, and social 
work. In the case of the semi-social sciences those topics are selected of which 
the social aspects are acquiring increasing significance (preface, p. xx). 

‘Psychology is . . . becoming social in a double sense. We must interpret 
the individual mechanism of mental processes, in part at least, in terms of a 
social environment; and secondly we have to deal with the thought processes of 
the group as such, that is, of the individusl not simply as unconscioualy.influenced 
by others but as purposively codperating with others" (Introduction, What are 
the Social Sciences? Seligman, p. 7). : 

One can always quarrel with classifications. It would seem rather arbitrary 
to regard education as only semi-social when anthropology, with a large content 
on the physical side allying it closely with the biological ‘sciences, is designated as 
one of the social sciences properly so called: As for psychology, the decision as to 
whether it should be more properly allie with the social or with the biological 
sciences must wajt upon the determination of the extent to which individual 
mental mechanisms are the product of the social environment. In that connection 
Seligman seems to have chosen his words very happily when he speaks of psy- 
chology as “becoming” social. The extant of this 'becoming" remains to be 
determined. 

.Rather more than half of this first volume is introductory: There is an his- 
torical account of “The Development of Social Thought and Institutions," 
sketched in broad outline from the time of the Greeks until the period of War 
and Reorientation; it is perha»s inevitable, in view of the range and compass of 
the outline, that much of it should be somewhat obscure except to the initiated. 


———. 
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The account of “The Social Sciences as Disciplines,” which constitutes Part Two 
of the Introduction, describes the status; past and present, of the Social Sciences 
in the various European countries, Latin America, Japan, and the United States. 
Psychologists will undoubtedly wonder at the very rare and inadequate refer- 
ences to their science throughout Part Two. In the section on Great Britain are 
at least offered the explanation that psychology there has claimed affinity with 
the natural rather than with the social sciences; in the other sections, including 
that on the United States (L. L. Bernard) psychology is all but ignored. This is 
all the more surprising in view of the statement in Part One that “no summary 
of the definable influences of psychology can give an adequate account of its real 
importance for the social sciences in the post-war period. Especially in the latter 
part of the period psychology was ‘in the air.’ No social scientist not altogether 
impervious to the general movement of thought could fail to pay it tribute in the 
laying out of his problem, in his critical judgment of his own methods" (Section 
on War and Reorientation, p. 197, written by Editorial Staff). The writers of 
Part Two evidently did not make quite the same appraisal. 

In the Encyclopaedia proper (Asronson-Allegiance) there are a number of 
articles of definitely psychological interest. Jastrow writes on abnormal psy- 
chology and gives an impartial presentation of a wide range of topics,—hysteria, 
neurasthenia, Freudianism, extraversion-introversion, Kretschmer’s types, 
endocrines, the autonomic nervous system, intelligence testing, maladjustment in 
children, crime, etc. One may question the possibility of giving any adequate 
idea of Kretschmer in one paragraph, or of Freud in three; certainly it would not 
be easy to understand these paragraphs without a background in the subject, but 
limitations of space perhaps made that inevitable. More surprising, in view of the 
nature of the Encyclopaedia, is the inadequate treatment of the social implica- 
tions and applications of our knowledge of abnormal mechanisms, for example in 
certain religious manifestations, in mob phenomena, ete. 

Miriam van Waters writes a good review of the topic of adolescence; L. 8. 
Lyon treats advertising with hardly a word about the contributions of experi- 
mental psychology; Raymond Pearl discusses alcohol in its biological aspects, and 
comes to the significant conclusion that its moderate use is not harmful, and 
possibly beneficial; W. A. White defines alienist, and Kimball Young discusses 
adjustment. 

In connection with the individual articles, the probability is that the psy- 
chologist who reads wisely will find the Encyclopaedia useful and interesting be- 


‘cause of what it can tell him about the other social sciences, rather than about 


his own. He will hardly learn much from short articles, however well written, on 
topies in his own field. On the other hand when he reads—to take only one 
example—in the articles by Lowie on primitive adoption, of some of the interest- 
ing modifications and variations of what we have been accustomed to call the 
“parental instinct," he can get a hint from anthropology on the manner in which 
cultural factors affect some of our apparently fundamental psychological mechan- 
isms. ‘The function of the Encyclopaedia seems to be to make the knowledge of 
related sciences, rather than of our own, accessible to us. And in this connection 
it should be particularly valuable to psychologists, who have on the whole paid 
leas attention to the other social sciences than they have paid to psychology. 
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On the Editorial Staff, representing psychology, are Floyd H. Allport, who is 
Advisory Editor; Georgina S. Gates and Mark A. May for the American Pey- 
chological Association; Edward L. Thorndike for the National Education As- 
sociation. Margaret F. Washburn is on the Boerd of Directors, and a number of 
other psychologists act as Editorial Consultants. 

The Encyclopaedia as a whole repres2nts a notable effort at codrdination, 
which promises, in spite of certain inevitakle difficulties, to be a highly significant 
contribution to the development of the social sciences. The remaining volumes 
(fifteen in all are projected) will be eagerly awaited. 

Columbia University Orro KLINEBERG 


Direction Orientation in Mazs Running by the W hite Rat. By Jonn F. Dasa. 
Comparative Psychology Monographs, Vol. 7, No. 2. Baltimore, The Johns 
Hopkins Press, 1930. Pp. 71. 

This monograph is an experimental stuay of the commonly observed tendency 
of the white rat to exhibit a general directicn-crientation in maze running usually 
toward the exit and more or less independer t of specific and local stimulation. In 
preliminary experiments this showed itself as a tendency to make errors in blind 
alleys that happened to open up in the general direction of the food box much 
more than in those that opened up in the opposite direction, regardless of the 
direction of the true pathway gt such pointe—a finding which agrees with the 
earlier resulta. The problem of determining the nature of this reaction is studied 
extensively in the present monograph. Exterocaptive sources of guidance (visual, 
auditory, and olfactory cues both from within and without the maze) were elimin- 
ated by the usual methods of rotating the maze, changing the materials used in 
the construction of the maze, and using air currents from false food boxes, the 
experimenter, etc. By adopting specific modes of inserting animals it was found 
that animals tend to follow out their initial orientation to a much greater extent 
than could be accounted for on a chance basis. On the theoretical side, the author 
suggests that the rat on entering the maze takes on some sort of kinesthetic or 
organic posturing set developed from previcus trials and directly related to the 
animal’s: position when proceeding up the entrance passage-way. This general 
factor persists and reasserta itself when the animal temporarily turns aside from 
the true pathway, and thus operates to fasilicate movements consonant with 
this orientation and to inhibit antagonistic responses. This explanation may per- 
haps be regarded as a special application of the ‘completeness of response’ pour 
ciple of Peterson to the particular conditions investigated. 

Columbia University C. J. WARDEN 


The Experimental Production af Dreams during Hypnosis. By Davm BALLIN 
Krem. Austin, University of Texas Press, 1930. Pp. 71. 

“T want you to watch very carefully for any dreams you might have and as 
goon as the dream is over tell me all aboutit.” With these instructions to (mainly) 
eight hypnotized subjects and with a 10-second stimulus of various kinds, includ- 
ing a pinch on the hand, a whiff cf perfume, sound of a tuning fork, handling a 
wax candle, strokes on the hand with absorbant cotton and near the genital region’ 
with a ruler, 171 hypnotic dreams were recorded—only 40 of which are printed in 
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this monograph. Rearranged and reworded, the author’s main conclusions are: 
(1) Hypnotic dreams are essentially like sleeping dreams, and differ from associa- 
tions that result from asking waking subjects to dream (a control run with three 
subjects) in being “real,” “present,” and in having a Geslalidike pattern, to 
which the stimulus is assimilated and lost. (2) The average hypnotic dream— 
records for 84 dreams-—ran for 32.5 seconds. (3) Sex dreams were rare, only 9% 
of the total; the Freudian distortions non-evident. (4) The existence of typical 
dreams in stereotyped situations, (¢.g., the dream of falling at tilting the bed, of 
smothering at covering the face) and of recurrent dreams by a given person with 
the same’stimuli, was confirmed. (5) Dreamless sleep may be merely amnesic 
sleep. (6) The results bear out Hollingworth’s idea of the redintegrative nature of 
thinking—the purpose underlying the series of experimenta. 

The method and the procedure are admirable and the results and conclusions 
are very suggestive. It occurs to the reviewer, however, that contrary to the 
author’s findings, many hypnotic subjects do dream spontaneously, being en 
voyage; and that the very suggestion to dream and to report the dream as soon a3 
it is over may constitute not only a fictitious setting, but also an artificial begin- 
ning and an arbitrary ending of the dream. The patterns of the hypnotic dreams 
may be smaller, of shorter duration, less complex and much more definite, and 
even qualitatively different because the antecedents in hypnosis—including the 
instructions—are different from the antecedentsin sleep. Perhaps the very nature 
of the dream itself is changed by being on the alert for a dream, instead of being 
intent on sleeping. But even though it were shown that the results of these 
experiments could not be predicated of normal dréaming, they would still be 
interesting and revolutionary. 

Louisiane State University Pau. C. Youna 


The Child of Circumstance. By Atppat Wiuson. New York, William Wood 
& Co., 1929. Pp. xx, 420. 

This book represents, the reader is blandly told, a surgeon’s matured reflec- 
tions on crime and his scientific determination of ita organic and structural cen- 
comitants. It is difficult to treat the elaborate pretensions of this work seriously, 
for everywhere the psychological naiveté of the writer is painfully manifest. 
Such a work may be ascribed to the curious and pathetic belief, held less strongly 
at present, that medical training qualifies one for pronouncement on anything, 
especially if the thing could be dubbed ‘scientific.’ "The reader is dismayed by 
the enviable ease with which "Ihe Psychology of the Criminal’ is disposed of in 
two pages; the equally facile classification into ‘types;’ and finally the assured 
reduction of all criminal behavior to defects in the structure of the brain. 

As criminology, psychology, and biology the claims of this book are very 
dubious, indeed. But asa significant document on the aberrations of the scientific 
mind it may have some value perhaps, for it shows that a scientific technician, 
like a surgeon, may easily live in two-hermetically sealed worlds: one in which all 
the safeguards of scientific procedure are enforced, and another in which only 
the terms, the symbolic forms, of science are present without meaning. 

University of Louisville ELLIS FREEMAN 
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Teaching in College and University: A Survey of Problems and Literature in 
Higher Education. By C. V. Woop. Baltimore, Warwick & York, Ine., 1929. 
Pp. xi, 557. 


This book, as the sub-title indicates, is a general and necessarily superficial | 


survey of the problems and literature in higher education; it also records mere 
opinions, several of which are unimportant and are given by individuals who 
themselves have done no experimental or other important work on the problems. 
This is probably a necessity for the sake of completeness of such a survey, and 


because problems and opinions are not easily differentiated. The two chapters l 


dealing with the psychology of learning and with measurement and guidance 
touch most directly the work of psychologists but they omit many valuable 


contributions and contribute ncthing specificaily. Itistrue,of course, that several 


psychologists are now doing administrative work of importance. The book 
should be valuable to all workers in higher educational institutions, chiefly be- 


cause of ita immense classified bibliographies, those in the Appendix alone cover- - 


ing 83 pages; and yet the reviewer finds the bibliographies of the decade covered 
(1918-1927) very deficient so far as the more serious experimental investigations 
are concerned. Much useful psychological material and important scientific 
techniques have been omitted. It is probably such experimental procedures 
which ultimately will be invoked to settle most of the problems considered. The 
professional educator has yet a long way to go to bring his problems under experi- 
mental contro! and handling. LP 


Methods of Private Religious Living. By Henry NELSON WiEMAN. New York, 
Macmillan Co., 1929. Pp. 219. 

The chapters of this book first appeared under the title of “Experimenta in 
Personal Religion" during the year 1927-8 in the monthly bulletin of The Institute 
of Sacred Literature published at the University of Chicago. The book lends 
itself to classification as a phase of applied psychology. It constitutes an attempt 
to apply certain methods to a definite sort of human activity. 

The theme of the book as a whole is that of progressive integration. There 
are nine chapters, eight of which are devoted each to a particular method, while 
one, the ninth, considers several methods. Thsse methods are offered as guides 
‘Sn personal experimental ventures of religious living." Of the various activities 
employed in meking these methods effective, the following are illustrative: social 
adaptation and organic association; relaxation; self-analysis; auto-suggestion; 
the acquisition, evaluation, and crganization of facta; developing habits of alert- 
ness, plasticity, and fearleasness; developing habits of experiencing beauty; hold- 
ing fixedly before thé mind some belief or ideal until it exercises “a powerful in- 
fluence upon the individual;” and problem-solving by “exposing oneself to the 
stimulus of a problematical situation with a mind freed of all bias and precon- 
ception, and waiting in this state, or returning periodically to it, until there 
dawns upon the mind that integration which will solve the problem." : 

The book is excellently organised, and should be of interest to psychologists 
as indicating an effort to apply psychological principles, by one who is not 
primarily a psychologist, to a definite form of human activity. 

Syracuse University Benet THELIN 
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Psychologische Untersuchungen dber das Stiefmulterproblem: Die Konfliktmag- 
lichkeiten in der Sitefmutterfamilie und thre Bedeuling für die Verwahrlésung des 
Siefkindes. By Hanna Kttun. Hamburger Untersuchungen zur Jugend- und 
Sozialpsychologie, No. 1. Leipzig, J. A. Barth, 1929. Pp. viii, 162. 

A new series of which this is the initial study takes for its field the important 
facts connected with the personality of the adolescent and his behavior in social 
situations. The present investigation belongs, both in its conception of problem 
and its method of investigation, to the last decade of the nineteenth century. 
The effort is made to isolate the single factor, the presence of a stepmother in a 
home, as & source of conflicts, and to determine the significance of such conflicts 
on the personality and the behavior of the stepchild. The answer to this two-fold 
relationship is sought in the replies of children to questions, in compositions on 
the general theme under consideration, in rather complete documents from a 
juvenile court, in biographies, literary references, personal interviews with 
children, and the like. In each case the reader is given only quotations to sup- 
port an interpretation. 

The scientific world has outgrown the method here used as a source of de- 
pendable knowledge. The study makes its most important contributions when 
it lifts into relief problems that require a precise formulation and an objective 
method for their solution and this careful survey of what people think and be- 
lieve abounds in such problems. .The extent to which popular opinion regarding 
stepmothers affects the behavior of every member of the new family group and 
the growth of personality under conflict situations are examples of such problems. 

Florida State College for Women P. F. FINNER 


The Neuroses. By IagAEgL 8. Wecusuer. Philadelphia, W. B. Saunders Co., 
1929. Pp. 330. 

This book was written primarily for the medical student and the practi- 
tioner. It is of considerable value, however, to the psychologist whose inter- 
ests are in this specific field of abnormal psychology. 

The author discusses the various schools, but he always has a psychoanalytic 
leaning. In fact, Freudian designates his point of view better than psychoanaly- 
tic. He says that more than 90% of what constitutes genuine psychoanalysis 
was evolved by the originator himself. 

In the chapter on etiology, which is one of the most interesting, we get the 
author’s methods as well as his leaning. He says: “It is true that psychoanalysis 
furnishes at present the best insight into etiology of the neuroses, but there are a 
‘number of other theories, each of which has more than a grain of truth" (p. 89). 
He then proceeds to discuss and, to some extent, to evaluate the following theor- 
ies: the somatic or pathological, the physiological and the behavioristic theory, 
the glands of internal secretion theory, the vegetative nervous system theory, the 
suggestion, the social or biologic, and the psychoanalytic theory. 

The book is well written, interesting, and stimulating, but it is likely to be of 
little value to the person not well grounded in the various fields of psycholagy. 
The different theories described are not criticised and evaluated sufficiently, and 
the book assumes too much of the nature of an encyclopedia. 

University of New Mexico | B. F. HAUGHT 
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An Anthology of Recent Philosophy: Selections for Beginners from the Writings 
of the Greatest £0th Century Philosophers. By D. S. Rosson. New York, 
Thomas Y. Crowell Co., 1929. Pp. xii, 674. 

The author has attempted in this volume to bring together for the beginner 
in philosophy—and also for non-professionals who wish to know something of 
what philosophers are saying—a representative selection of "the most readable” 
recent philosophical literature. The reader who takes the term ‘anthology’ too 
strictly will soon become aware that he is in for a serious piece of work, but he 
will doubtless find it interesting if he is nażurally inclined toward philosophizing. 
First he is given on a single pege a conspectus of the various “isms” and other 
types of modern philosophies—idealigms, realisms, pragmatisms, mechanisms, 
vitalisme,—a veritable “flower gathering" of the products of ‘emergent’ philoso- 
phers. It is freely admitted by the author that because of this selection according 
to types many worthy philosophers not exactly fitting these types are omitted. 
It appears reasonable, once you turn your attention to these ‘emergents, that in 
philosophy as in psychology. (witness Psychologies of 195, and our recent ‘philoso- 
phicel’ discussions filling hundreds of pages in modern psychological books and 
journals) only the more distinguishing ‘types’ shall receive attention and analysis. 
A great service has been done for the reader by Robinson. Preceding every 
excerpt is found an excellent short and clear analysis or résumé of the esl 
and after the latter are a number of questions which seem to be, in general, rather 
good to bring out a thoughtful consideration of the contributions of the selection 
as well as the point of view and the classification of the author (philosopher) who 
has contributed it. In this latter task the reader is helped by the first selection in 
the book, James’ interesting and suggestive Philosophy and Temperament, 
Pragmatism, pp. 1-13 and 33-40. The author of the Anthology has made a real 
contribution in these features of a preceding anelysis and really helpful questions, 
and the reader is asked to do his pert in turn by reading each analysis and selec- 
tion thrice,—firet simply for general interest; secondly, to correlate analysis with 
excerpt and to try his hand at writing out a good analysis himself; and, thirdly, 
“to find out the answers to the questions at the end end to form his own opinions 
of whet the author says." This last reading will, of course, help the reader also 
to see that any suthor’s questiors are more or less from his own point of view, 
total independence from such & more or less personal or ‘school’ slant being im: 
possible to any author (especially the author of any ‘philosophy’). 

Part I gives a general orientazion; Part II exhibita the idealisms or “tender- 
minded” philosophies, to use James’ characterizetion, and they do ring somewhat 
true to this characterization in the view of & humble layman like the reviewer; 


Part III presents, in the framework for tough-minded analysis already described, ` 


the realisms; and in Part IV we find the pragmatisms. It is well that the tender- 
minded get the stage first, for most of the later “isms” are exhibitions of more or 
less ‘taugh-mindedness.” To this statement, however, some exceptions must be 


made, for the reader will find in Part V, which is too recent, and perhaps too’ 


‘terrible,’ to be characterized in a single term (here, by the way, is work for some 
future 'emergent'), along with the wicked and surely tough-minded ‘“mechan- 
isms,” such selections as Emergent Evolution by Driesch, The Unknowable by 
Spencer, Fietionslism from The Philosophy of “As If" by Vaihinger, and the so- 
called New Scholasticism and Ita Contributions to Modern thought, by Ryan. 


i. 
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The reviewer has added this hyphenated word ‘‘so-called,” because he has found 
in the book nothing particularly new except that it appears in this 20th century, 
but he may not have delved deeply enough, not being a philosopher. : 

An additional valuable feature of the book is an appendix of biographical and 
bibliographical sketches of the philosophers from whose writings excerpta have 
been taken. The author seems to have done a creditable piece of work, and his 
Anthology will doubtless appeal to many readers other than beginning students in’ 
philosophy. Many scientists will doubtless find recreation in going over its pages. 

J. P. 


Fundamentals of Educational Psychology. By I. M. Gasr and H. C. SKINNER. . 
New York, Benj. H. Sanborn & Co., 1929. Pp. xiii, 354. 

The material of this text is presented under the conventional chapter headings 
and every chapter is organized under a number of sub-headings. Every sub- 
topic is in most cases a unit in itself, and often there is little attempt to make a 
transition from one sub-topic to another. This gives the impression that the book 
is a series of disjointed sub-topics rather than a collection of developed chapters. 

The authors do not hesitate to include material which bears upon a given 
chapter but which is more fully treated elsewhere. Thus, the first chapter in- 
cludes not only a description of original nature but also a discussion of methods 
of modifying instinctive tendencies and a treatment of imitative and volitional 
action. Material belonging primarily to the chapter on transfer of training is 
presented in the chapter on habit. ‘Problem of attention” appears in the chapter 
on the learning process. Material on instincts and individual differences is intro- 
duced into many chapters. This breaking down of the logical barriers between 
chapters is perhaps advantageous from a pedogogical standpoint. On the other 
hand, the overlapping between the chapters on habit, the learning process, and 
memory seems to the reviewer hardly justifiable. 

The book cannot be classified as to its central point of view. This is as the 
authors intended, for one of their aims has been to place “greater emphasis upon 
the significant contributions of the many psychologists regardless of viewpoint 
and less emphasis upon particular viewpoints." It seems safe to say, however, 
that they regard the individual as a product of ‘will’ as well as of heredity and 
environment. Although they assert that heredity and environment cannot 
operate independently, they place the emphasis decidedly upon heredity. In- 
stinets are treated as drives, and the assertion is made that “they serve as a basis 
for all education.” The treatment of learning follows that of Thorndike rather 
closely. 

Another of the authors’ aims has been to give “a frank expression of sane 
opinion concerning certain topics that have been misinterpreted or overempha- 
sized in certain quarters during recent years, e.g. intelligence testa, the significance 
of test resulta, new-type classroom tests, endocrinology, heredity, and behavior- 
istic psychology." The chapters on intelligence and educational measurements, 
which appeal to the reviewer as the strongest, fulfill this aim very well for the 
first three of the above examples but why the last three should have been men- 
tioned is not clear. Heredity receives greater emphasis than is customary even in 
texts on educational psychology and endocrinology and behavioristic psychology 
are scarcely mentioned. 
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The outstanding feature of the book is the special attention given to the 
social and applied aspects of the subject. This has led to a great deal of general- 
ization, quotation of opinion, and morelization. The result is that any psy- 
chologist will find much with which to disagree, the student will perhaps wish for 
greater concreteness in many of the applications, and if he is not inclined to be 
credulous, he may desire more support for many conclusions. Nevertheless the 
authors have, in the reviewer’s opinion, taken a long step in the right direction 
in some respects and have achieved & practicality greater than that which is 
characteristic of many other texts in the field. 

Stephens College Carr N. Rexroap 


The Intelligible World. By WinsvuR MansHanL UnBAN. New York, Mac- 
millan Co., 1929. Pp. 471. 

: The author develops the theme that philosophy is intelligent discourse about 
the world and that the only intelligible language is the idiom of the Great Tradi- 
tion. The secret of philosophical! wisdom is in the intellectual orientation toward 
the fine minds of all time. Any concept of totality that shall satisfy the demands 
of philosophy must possess meaning and value, as well as reality. In fact every 
problem of metaphysica resolves itself into one of value. The only tolerable con- 
ception is of the world in the form of “idealism,” that is, spiritual content is the 
fundamental reality. The traditional conception of time and space pictures them 
as phenomena of a deeper non-temporal, non-spatial order of meanings and values. 
“The One Spirit’s plastic stress is the only element of unity or universality that 
can be found in the world process. Evolution makes the world intelligible to ua only 
(italics mine) when we conceive it, either consciously or unconsciously, as evolution 
of & divine ides, as a gradual revelation in time of that which was present from 
the ‘foundation of the world.’ " 

Teleology, finality, and purpose, properly understood are a necessary part of 
the world. Evolution and progress are in truth transcendental or metaphysical, 
or they are nothing. A decrease in the amount oi available energy in the world 
entropy the author interprets as a problem not of metaphysical but of cosmic 
order, being nothing more than the cosmic application of the significance of death. 


Entropy, he contends, does not hold true for life and mind. Immortality has al- 


ways been a symbol for the conservation of value. It is in this sense only that 
endless life has been a necessary postulate of morals and values. The only world 
possib:e to intelligent reflection Las as its constituent parta Matter, Life, Mind, 
and Spirit. 

Salient conclusions from the speculations afford comfort to those in sympathy 
with the dualistic point of view in psychology. The arguments depend consider- 
ably on experience for their validity, though tke point of view is not scientific. 
Noteworthy spiritualizations of experiences are the timeless-present, ‘instinct of 
philoscphy,’ immanence, and omnipresence. The book should appeal to the 
vitalist as a scholarly return to the idealism of the past in the light of the present. 
In contrast, to the modern critic it should appeac, perhaps, as a learned examina- 
tion and organization of many types of human conduct, making value stand out 
as one of the great present day problems. 


University of Utah M. C. BARLOW 
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The Art of Interrogation. By E. R. Hammton (with an introduction by C. 
Spearman). International Library of Psychology and Philosophy and Scientific 
Method. New York, Harcourt, Brace & Co., 1929. Pp. xii, 174. 

As the title of the book suggests, interrogation, in the form of tests of intelli- 
gence or of gubject matter, is an art as well as a science, though a very young and 
imperfect science. The author has selected for discussion three general topics: 
namely, mental tests, examinations of the old style and new, and the questioning - 
conducted by the classroom teacher. 

The book is quite free from technical terms and altogether free of statistical 
devices, being intended, evidently, for the non-technieal reader; especially, it 
appears, for the teacher. It is the author's purpose to congider the basic psycho- 
logical principles of interpretation of testa; for, in his own words, “though ex- 
&minations are of such long standing and intimately affect so many people, a 
critical survey of the principles governing their use has but seldom been at- 
tempted." The author develops his thesis chiefly by means of presenting some of 
the main principles of test construction, such as the determination and control of 
selected mental processes, selection of representative items, correlation of pro- 
cesses, consistency of conditions, quantification of results, and so on. 

In connection with the remaining two devices—old &nd new type examinations 
and questioning—it is the author's thesis that examining is an art, having at the 
same time “a scientific basis which is imperfectly understood." He expects 
psychological research to make this understanding less imperfect as more is re- 
vealed concerning learning and expression, knowledge and ability, examiner and 
examines. 

The non-technical reader will find in this volume a clear statement of some of 
the important psychological principles underlying various types of testing, and 
teachers of all grades will find suggestive principles and criticiams of interrogation, 
both oral and written. 


Cornell University ) F. 8. FRE8EMAN 


Cornell Studies in English XVI, Gianfrancesco Pico della Mirandola: On the 
Imagination. The Latin text with an introduction, an English translation and 
notes. By Harry Carran. New Haven, Yale University Press, 1930. Pp. 102. 

Pico’s work on the imagination is an essay on a psychological subject, which is 
here fittingly presented by a student of the classics in a series of English studies. 


"This combination of interests matches the complex nature of the original work. 


Pico was a humanist, and the humanist of his period (1470-1533 A.D.) was a man 
interested in the classical tradition, given to scholarly contemplation, and not Ed 
far penetrated by the new sciences as to ignore the work of ‘supernatural agencies.’ 
All these factors appear in this little work. 

In the history of psychological literature imagination or phantasy occupies an 
important place. It mediates between sense and reason, for its material is given 
by the senses, but it is itself an inner activity. As the images survive the moment 
of sensation they become objects of reflection, partly dominating the acta of 
reason and partly used by reason to embody its more abstract visions. Desire is 
allied with imagination, and for that reason the subject leads into questions of 
conduct. The physiological part is supplied by the ancient doctrine of tempera- 
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ments, against which the reason sets the control of ideals in the form of imagined 
good or evil. Pico is obviously humanistic in the sense that he aims to make his 
psychology the basis of a practical ethics. 

The work naturally appeals more to the historian of ideas than to the modern- 
ist, who cares only for the latest fruita of ecience. Pico thinks the variety of 
imaginations depends on the temperament of the body, the sense affections, the 
judgment and the ministration of the good and bad angels. The last source effec- 
tively dates the work. Pico thinks disorders of the body must be cured by treat- 
ment of the body. The others he would treat by what we may call forms of sub- 
limation: like some modern psychologists, he relies on religious emotion to achieve 
the most effective integration of life. His views on the use of heaven and hell, 
tha; children may be “delighted by the one and saddened and terrified by the 
other,” are tempered with a flash of the experimental method when he says: “I 
have discovered by experience with my son that stories of this nature have had 
this effect,” and he anticipated Bacon’s views that in education concrete pictures 
' have more power than abstract reasoning. Ignoring the severe standards of 
modern science, let us acknowledge the urbanity and charm of Pico’s essay. The 
work of the translator has been well done. Thé notes are valuable and show 
competent knowledge of the sources and the subtle transitions of mediaeval 
thought from the purely classical to the mixed Neo-platonic, Arabic and Christian 
teaching. The printing is exceptionally accurate and the whole production does 
credit to the industry and scholarship of the author. ; 

University of Toronto G. 8. Brurr 


Twins: Heredity and Environment. By NavgauigL D. M. Hrsscg, Cam- 
bridge, Harvard University Press, 1930. Pp. 159. 

The author has written a treatise on twins which will interest both the scien- 
tist and the layman. There are brought together in the first chapters the salient 
biological and psychological facts concerning twins. A chapter is devoted to a 
review of most of the important experimental studies upon twins. With this 
introduction Hirsch launches into a ‘fresh’ attack, which, far from yielding simple 
descriptive data, ia to disentangle the effects of heredity and environment. The 
method is simply that of experimental selection, surely nothing new and a pro- 
cedure to be followed with the greatest caution. 

Data are gathered upon dissimilar twins living in a similar environment (58 
paire), similar twins living in a similar environment (38 pairs), and similar twins 
living apart (12 pairs). Obviously criteria of similarity and dissimilarity were re- 
quired. For the twins, these criteria were provided by physical and mental 
measures. These seam quite edequate. For the environments, similarity was 
thought to obtain when ths twins lived under the same roof. This selection is 
questionable. 

Each pair, having been selected, is described with respect to certain anthropo- 
metric measures (height, weight, cephalic index, etc.) and mental measures. In 
addition there are often given data concerning handedness and other traits. 
Much of the descriptive material is subjective and much is drawn from the esti- 
mates of school teachers and others. It is doubtful whether this material is to be 
trusted. One is impressed either with the similarity or the dissimilarity of twins. 
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In the former case there is doubtless an unintentional stress, on the part of 
teachers, social workers, and friends, on likenesses; in the latter instance con- 
trasts are readily drawn though differences may not actually be very great. The 
subjective estimates of character, temperament, and emotionality are thus driven 
to extreme statementa. However, this kind.of material is not of such a nature as 
to make general conclusions possible. The author has concerned himself therefore 
with those traits capable of quantitative expression and interpretation. After 
summing up the measures certain contrasts are made. Comparisons, showing 
little statistical reliability, yield the sweeping conclusion that heredity is several 
times as important as environment in determining the extent of the differences 
found between members of a twin pair. Obviously the yield is a function of the 
selection process and this will be found upon examination to be not above criticism. 

In the last chapter the author makes an impassioned plea for change in the 
social order. l 

University of Virginia Frank A. GELDARD 


King Mob: A Study of the Present-Day Mind. By Franx K. Noron (pseud- 
onym). New York, Harcourt, Brace & Co., 1930. Pp. 226. 

This volume, like a telegram, is an urgent, brief communication. Much must 
be read between the lines. The author recognizes & consuming struggle between 
individuality and collectivity, between nature and spirit; individuality and spirit 
being the things consumed. He fears that nature and ita counterpart, collectivity, 
are reducing culture to a meaningless mechanism. The holocaust now impending 
hes ita historical precedents. But, in consequence of modern instruments of 
communication and the perfected mechanics of exploitation, the present-day mind 
represents a complete surrender to the Moloch of “a thrilling awareness of 
number." 

One lays down this important book with a losa of respect for democracy: the 
voice of the people is not the voice of God, but the meaningless urgings of some 
as yet unknown “elementary law of nature.” It might reasonably be concluded 
that this elementary law of nature is an intérpretative rather than an explanatory 
principle: “The enmity between the Mob and the individual thinker. . . [is] a 
war in which the weapons of the moment are fortuitous, but in which the opposing 
: energies flow from the inexplicable dualism of the world" (p. 13). 

In the light of this general principle the author surveys the American mind in 
respect to literature, science, commerce, and national and international politica. 
And there he finds nothing but a reservoir of stupidity, ignorance, and self-de- 
ception. With pardonable dignity he represents himself as a prophet.. His 
inferences are drawn from a wide and reflective observation of recent social 
tendencies. The reviewer surmises, however, that the author is not entirely 
unprejudiced in his attitude toward certain modern popularizers of our evolving 
cultural producta. 

The volume makes no pretense of being & contribution to social psychology as 
Science. It does, however, represent a clever combination of the philosophies of 
Tarde, Le Bon, and Durkheim. Drawing upon them (perhaps unconsciously), the 
author portrays our contemporary America as & product of universal repetition, 
collective stupidity, and group coercion. His style is lucid, his reasoning generally 
consistent. The reviewer is, however, unconvinced of the validity of his premises. 
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May it not be that the alleged universal war on individuality by the mob is 
something other than the author finds, perhaps the very opposite of it? May not 
this collective ‘taking to the new’ really mean a collective search for individuality? 
Those who refuse to be drawn into intellectual stampedes about social movement 
generally will be inclined to answer these questions in the affirmative. 

University of Maryland J. W. SPROWLS 


The Vibratory Sense and Other Lectures. By Davip Karz. Orono, Maine 
University Press, 1930. Pp. 163. 
— These lectures, written in semi-popular form, are based mainly on the works of 
Katz and his students at the Rostock Psychological Institute. Experimental and 
observational studies, mostly with animal subjects, indicate that while the phy- 
siological state of the organiam conditions hunger to some extent, hunger depends 
to & high degree on the external circumstances in the immediate environment: 

Children are classed as "voluntary vegetarian" and “voluntary carnivorous” 
on the basis of expressed preferences ior different kinds of food. However, since 
no history of the development of individual food habits appears to have been con- 
sidered, this classification can have little meening. s 

In studying facial characteristics a composite photograph of ten intelligent and 
of another of ten unintelligent children were made and compared in various ways. 
It is quite possible that this technique is not valid. The results obtained in various 
investigations on judging intelligence and personality traits from photographs 
suggest the possible hazards involved in an analysis from composite pictures of 
facial characteristics which accompany intellectual traite. The method is, of 
course, not new. i 

Although the author warns the reeder against Darwinian anthropomorphism, 
he rather uncritically describes the character of hens in such terms as “‘she was 
very envious,” and *''ghe did not like to be the subject of examination," and even 
tends to approve of anthropomorphic interpretation of animal bebavior. 

Other topics considered are (1) localization of sound by dogs, cats, and hens; 
(2) the “vibratory sensation;’” and (3) conversations of children. 

The book as & whole contains much information and stimulating observation. 
Psyshologiste and others will find it an interesting and valuable treatise. 

University of Minnesota Mims A. TINKER (| 


Folkways in China. By Lewis Hopovs. London, Arthur Probsthain, 1929. 
Pp. vi, 248. 
^ "This volume is a collection of material on folklore and customs gathered from 
personal observation by the author during long residence in China, from conversa- 
tions with Chinese and other residents, and from “wide reading" in Chinese , 
sources, ¢.g., the Book of Rites. The thirty-seven short chapters cover a great 
variety of topics dealing with ceremonies and feasts, observances relating to 
celestial phenomena and seasonal changes, to agriculture, great alleged historical 
events, war, sacrifice, etc. There are no specific references and the reader is given 
no means of evaluating the data as to validity. The book, though interesting to 
students of human nature, is not scientific. General references and a list of 
Chinese names are given at the end of the book. Eo 
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Great Hame in Psychology. By Hmngy E. GagRETT. New York, The 

; /Centars Co., 1930. Pp. xvii, 337. 

? The book has been planned as a second text for the diens course. It 
aims to supplement standard texts by presenting concretely the experimental 
foundations of psychology. 

The “great experiments’ include the work of Binet, Terman and other testers, 
the army alpha, Ebbinghaus’ studies in memory, Pavlov’s investigations upon the 
conditioned reflex, Thorndike’s animal experiments and laws of learning, the work 
of Thorndike and Woodworth upon transfer of training and formal discipline, 

| Watson’s experiments with infante, Galton’s studies of individual differences, 

| Cattell's researches on reaction time, the experimenta of Cannon and others upon 
emotion, Kóhler's investigations in perception and learning, the laws of Weber 

and Fechner, studies in space perception, and the work of Franz and Lashley upon 
brain function during learning. Each field of experimentation is treated broadly 

‘ — and with a wide historical perspective. Earlier and later work is brought into 

the same picture with excellent balance and arrangement. 

The treatment throughout is accurate and dependable. A great deal oi 
material has been organized in a way which will inspire the alert and industrious 
student. Each chapter closes with a few carefully selected references. There arə 


N eleven plates portraying the psychologists whose work is considered in the text; 


\ and thirty-five figures. 
: This book should give the elementary student & sound and thorough introduc- 
` tion to psychology via experimentation, and leave him with a wholesome respect 
- for the subject. The reviewer is delighted with the volume and hopes it will be 
widely used. In addition to other merits of the book, the style is lucid and very 
readable. 


University of Illinois PauL TROMAS Young 





University of Iowa Studies in Psychology, No. XIII. Ed. by C. A. RUCKMICZ. 
Psychological Monographs, Vol. XL, No. 181. Princeton, Psychological Review 
Co., 1930. Pp. vi, 214. 

Space does not permit giving both full abstracts and detailed criticism of 
each of the papers in this monograph; nor does the importance of most of the 
papers warrant any deviation from this rule. The reviewer will therefore limit 
himself to brief remarks, allocating them to their proper fields in psychology and 
attempting to rate their relative excellencies. 

Harold R. Fossler. Disturbances in Breathing During Stuttering (pp. 1-32)s 

j The presentation of this paper is excellent both in clearness of style and ordering 
of the material. The importance of the paper consists chiefly in an improvement 
| in technique. Previous experimenters in this field have caused their subjects to 
stutter by making loud sounds and bringing about other emotional disturbances, 
| all of which adds irrelevant deflections in the graphio records. Fossler requests 
f 


his subjects to talk freely about some past experience and takes his stuttering as 

it comes. The only criticism of the method is that these past experiences are sure 
; to have different emotional contexte, which-somewhat defeats the improvement 
| in technique. Furthermore, no complete record of this free exposition is taken, 
) 


1 
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+ 
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as could easily be arranged with a dictaphone. Even though the author finds 
that special words do not bring on stuttering, the breathing curves mean very 
little without some correlation with the 5's phraseology and ideas expressed. 
William Severt Larson. Measurement of Musical Talent for the Prediction 
of Success in Instrumental Music (pp. 33-73). The abilities tested by the Sea- 
shore testa may well be necessary in varying degrees to performers whose instru- 
ments demand special acuity ir certain fields as supplements to their instruments, 
but they are by no means criteria of musical talent. The latter lies more on 
the conceptual level, and doee not demand anything exceptional in the way of 
acuity. A deaf Beethoven and a Clara Schumann distinctly hard of hearing can 
compose or perform superlatively, but meny & piano tuner, with well-nigh perfect 
pitch, can do neither. This analysis makes understandable the fairly high corre- 
lations found by Larson and other experimenters in this field, for naturally a per- 
former on a stringed instrument has to-have & good ear or he will fail, no matter 
how great his endowment of musical talent may be. But more important still, it 
expleins why even in the most proficient group tested by Larson there are stu- 
dents rated by the tests in the .ast two percentiles of all the groups, who appar- 
ently are doing satisfactory work in music. These students would be weeded out, 
if Larson’s recommendations were followed, long before they had reached this 
Stage. This would be manifestly unfair to them and it would perhaps render music 
& decided disservice. . - . 
J. T. Nielsen. A Study in the Seaskore Motor-Rhythm Test (pp. 74-83). 
The paper is very unclear—no statemen} even of the rhythms used is made. 


The author finds that both musically trainec and untrained S's improve but' 


slightly during the first three days'in their ability to tap out a rhythm sounded in 
the ear. Considering that the music students improve somewhat more than the 
others in spite of their previous training, it may be inferred that this period is 
largelv spent in getting used to the experimental situation and the problem set. 
All except one of the music students rate highe- in adeptness than the others, so 
that the author feels that another criterion of musical talent has been found. 
The reviewer is not 80 confident. 

Emily Patterson. A Qualitative and Quantitative Study of the Emotion of 
Surprise (pp. 85-108). The qualitative parta of the paper may prove of value, but 
the quantitative sections, since they are derivél by a galvanometric technique, 
for which there is as yet no accepted explanation, must remain open to question. 


The procedure is doubtful in one particular, at any rate. The E leaves O alonein : 


the experimental room to set the Wheatstons bridge and to read his own “normal 
resistance.” But O's emotional state during this period is usually far from normal, 
ranging in different Os from sleep to terror; and since the value thus obtained is 
apparently used in later computations, a large source of error may have entered 
with it. 

Alfred R. Root. Pitch-Patterns and Tonal Movement in Speech (pp. 109- 
159). To the reviewer, this paper is by far the most important in the volume, for 
it is not only a contribution to phonetics, but should give psychologists in general 


much food for reflection, in that it compares the physical frequencies applied to. 


the ear with the phenomenal experience, and finds many striking disparities. 
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The implications for phenomenal psychologies are wide. The method should 
surely be carried over into music psychology to see how many of the character- 
istic slides and glides found by Metfessel are actually perceived as such. 

Arnold Henry Wagner. An Experimental Study in Control of the Vocal 


Vibrato (pp. 160-212).. The paper should be addressed to singing teachers rather 


than to psychologists. Its aim is to discover whether ‘artistic vocal vibrato’ may 
be taught. It may be. . 
Cornell University R. S. Hir 


Studies tn the Organization of Character. By Huan HARTSHORNE, MARK A. 
May and Franx K. SuurTLEWORTH. New York, Macmillan Co., 1930. Pp. 
xvi, 503. i 

This is Part III of Studies in the Natureof Character by the Character Education 
Inquiry, Teachers College, Columbia University, in coöperation with The Insti- 
tute of Social and Religious Research, and it concerns itself with many of the 
same traits, situations, and tests as the preceding parta. Additional tests of inner 
traits and attitudes are given and treated in the same careful, objective, scientific, 
statistical manner that characterized the earlier studies. In this volume, how- 
ever, the object is not to study and measure traits and situations themselves, but 
to discover and measure their relations to each other in the structure of character. 
The authors remain committed to the idea that all thàir tests are of particular 
ideas, acts, and situations, and valuable chiefly because of variety of sampling. 
Their final selection of a battery of twenty-three tests as a basis for a total char- | 
acter score, with directions for administering and scoring, are not included in this 
volume, but are published separately by the Association Press, 347 Madison 
Avenue, New York City. The theoretical validity of the group of testa, as com- 
puted, is 0.95. Detailed tables, formulas, and bibliography are given in the 
appendices. ‘The index is for this volume only. 

The authors discuss the relation of social intelligence and social attitudes as 
indicated by testa and they seek to determine the sources of moral knowledge and 
the influence of concomitants such as age and social intelligence as well as of 
erivironmental influences, such as home, school, Sunday school, and clubs, They 


‘investigate the interrelation of these factors, and reach the conclusion that con- 


duct is more a matter of group standards than of individual traits. The com- 


ponents of character as revealed by reputation scores, foresight tests, combined 


pen portrait tests, and the relations of these to actual functioning in work and 
play are considered. 

In studying the nature and significance of integration, especially in relation to 
the honesty tests, the authors find that only about 40% of children show integra- 
tion as measured by consistency in the various honesty situations tested, and 
these in only a slight degree. 

In the opinion of the reviewer, the small amount of consistency revealed by 
the test is due in part to adult lack of consistency in applying standards, which is 
reflected in the scoring of acts as more or less moral. The authors find a close, 
though small, correlation of indices of consistency with the total honesty score. 
They do not, however, find evidence that children consciously generalize from 
particular situations, and integrate in accordance with ideal standards. The 
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claim of the authors that the integrations are specific may be allowed without 
accepting the view that children do not try to apply general standards to particu- 
lar cases. They, as well as adults, try to do so, but are likely to succeed only in 
linea where group practices guide them in deciding what acts are to be regarded 
as consistent with the general ideal. 

The chief conclusions regarding character education are that present methods 
of moral training may do more harm than gocd, when ideals and the factors in- 
fluencing conduct in practical situations are contradictory; and that the principal 
difficulty in character education of children, is the conflict of the standard set 
with the factors in the situation which naturally control the child’s action. If 
the child were continually & member of a group observing standards of general 


social z5efulness, the problem of education would be greatly simplified. It would ` 


then be necessary only to provide for integration of individual character by guid- 
ing chüdren through a series of experiences graduated as to opportunity for acting 
in accordance with standards, and of graduated tamptation to diverge from them. 

This book completes one of the most notable researches in character education 
of recent times. The foundation ir laid for a science of moral education, and well 
standardised tests are provided far further reseerch. Probably no one, in this 
time of chaos of traditional and reasoned moral ideals and practices, could have 
performed the task attempted better than the authors have done, but when 
our mixed codes of morals have been revised in the development of a science of 
ethics, there will probably need to be a complete revision of all these tests of 
moral character. 

Leominster, Mass. . E. A. KIRKPATRICK 


Formen des Gemeinschaftslebens jugendlicher Madchen: Sostalpsychologische 


Uniersuchungen in einem Fürsorgeerziehungsheim. By GERTRUD HRERMANN. 
Hamburger Untersuchungen zur Jugend- und Sozielpsychologie, No. 2. Leipzig, 
J. A. Barth, 1929. Pp. viii, 160. 

This monograph describes the social structure that developed in an institution 
of 55 asocial young women, ranging in age from 14 to 20 years. The most in- 
clusive social unit is that based on rank or influence in the group; rivalry for posi- 
tion and power ranges the members into a series of sones ranging from the most 
to the least effective. Within this tota ity minor social units appear: associations 
of two or more friends, the clique, grou»s for some purpose, groups stimulated by 
outside leaders, and others as they are commonly deseribed by the social psy- 
chologist. These groupings, &8 well as 5he social behavior of the individuals, are 
interpreted as the normal expression of the persons in-the particular environment 
that is provided. The characterization of each individual gives, in the main, 
the essential facts for tracing the resulting behavior and might well be read by 
those who are giving us large masses of undigested and often meaningless facts on 
problem children. 

Students of social psychology will want to use this investigation to see the 
operation of the principles of social behavior in a group form not described in 
earlier literature. With other studies that examine carefully and minutely a small 
section of life, it will tend to lend precision to the large generalizations that con- 
stitute the substance of many treatises on the subject. To profit by the study it 
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will not be necessary to accept the presuppositions of the writer. Stern's view is 
apparent throughout. There is an unnecessary stress on examining the individual 
asa whole, and refraining from’ analysis and the investigation of aspects of the 
person. In fact, the discussion frequently bases conclusions on views that can 
come only from ‘highly specialized experimental enquiry. For example, the state- 
ments on the respective nature of two individuals who will become friends in a 
given situation give the occasion for an experiment on an aspect of behavior rather 
than undifferentiated observation. The relation of drives and motives to the be- 
havior studied can hardly be regarded as fundamental. We shall not advance our 
insight into human life by basing interpretations on the generalization that there 
is a struggle for existence in adolescent years or that ''the longing for the under- 


standing and like-minded person . . . . can be regarded as the leading drive in 
social formation." . 
Florida State College for Women P. F. FINNER 


The Psychology of Religious Awakening. By Ermer T. CLAnk. New York, 
Macmillan Co., 1929. Pp. 170. 

Much as those questionary studies of conversion, made thirty years sgo, have 
been condemned for their erudity of research technique, attempts to improve 
upon them have been rare indeed. That they should be early repeated was 
apparently believed by some at least of those who made them. With the passing 
of the years reasons for their repetition have accumulated. Lehman and Witty 
have shown the great change in collecting habits over the same interval, and the 
question has been properly raised if there may not have been like changes in the 
frequency and modal age of religious conversions. Clark’s re-study here pre- 
sented is therefore most welcome. 


The method used was again that of the questionary. The questions show 
some effort to profit by the experience of those who made the early studies, but 
they manifest little influence of the extensive development of questioning techni- 
que which has come in the last decade. Returns were available from 2174 people, 
mostly students in small colleges: The data are excellently presented both in 
tables and in graphic forms. None of them seem to have been omitted. They are 

‘all there for future reference and comparison, a feature which will appeal strongly 
to those who have tried to do much with the earlier studies. The age curves 
verify that indication of a drop in the modal age of religious awakening already 
brought out by the Indiana Survey. But they do more. The returns are classified 
into types—definite crisis, emotional stimulus, and gradual. By tabulating the 
returns according to each of these forms separately the drop in the modal age is 
revealed to be characteristic of the last two only; the modal age for the crisis 
variety of religious conversion remains about where it was when Starbuck and 
Leuba and Coe and others made their studies. That there is a conspicuous de- 
cline in the frequency of the crisis variety is not surprising, but its definite de- 
termination is valuable. The relationship of different kinds of religious training, 
especially the conservative versus the modernistic, to the different forms of con- 

. version is carefully worked out and given in detail. The treatment in general is 

cautious and convincing. Much as the statistically minded might wish for a 
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more elaborate treatment of the data, or for data collected in a manner permitting 
a more elaborate treatment, the reviewer is inclined to the opinion that this book 
must be accepted as the most important contribution to our knowledge of the 
conversion phenomenon that Las appeared in a generation at least. 
Psychologists who use the book will soon discover that the author is a clergy- 
man rather than a psychologist. He speaks the languagé of religion more easily 
than that of psychology, and this leads to the usage of such phrases as ‘‘the sense 
of joy, peace, and happiness” and “the sense of increased responsibility’? which 
are likely to irritate the trained psychologist. Perhaps if he had been a psy- 
chologist first of all the author might have sought to discover relationships to 
mental ability and academic achievement, to measures of social adjustment and 


fair-mindedness, or to measures of emotional stability (topics which the book will ` 


make every psychologist wonder about); but then again, had he been a psy- 
chologist he might not have done the job at all. 
University of Oregon _ Enparonn 8. CONKLIN 


Psychologie der Waarneming. Een Studie over Gerichisbedrog. Y. J.T. RUTTEN. 
Nijmegen, N. V. Dekker & Van de Vegien, J. W. Van Leeuvren, 1929. Pp. 154. 

This monograph was presented as a doctor's thesis to the University of 
Utrecht. The classical Müller-Lyer illusion was chosen for experimental explora- 
tion with a view also to the formulation of a general theory of perception. A 
rather complete account of the types or variety of figures used in earlier investi- 
gations (sketches of which from pages 6, 8, and 9 may well be copied for demon- 
stration material) is rendered in the introductory chapters together with a critical 
historical review of earlier studies and theories. The technique of the experi- 
mental set-up 18 described in minute detail. Itinvolved two lanterns focused to- 
ward the middle of a white screen 1 meter square in a dark room; the exposure- 
time was controlled by motor and rotating cut-out disks which allowed variation 
in two ways. Great care was taken to consider and to rule out all disturbing or 
variable factors, an endeavor being made to keep brightness, and size of figure, 
duration of fixation, and distance, under perfect control. The two original figures 
of the Miiller-Lyer illusion were used in turn- with length of accessory lines in 2/5 
relation of the main line and with angles of the accessory lines of 30, 45, and 9o". 
(Three other variants of the figure were also tried.) The size of the figure could 
be varied from 4.5-100 cm. The distance of O, who was seated between the 


lantern and the fixation-point'on screen, along the middle axis, varied from 20 to. 


350em. A table gives angles of vision from 2 to 78°. Twelve different exposure- 
times from IO to 1000 sigma were tried. The figures were projected both hori- 
sontally and vertically in varying order of sequence of main and accessory lines. 
Two trained and seven untrained Os served during the experimenta. The general 


duration of one sitting was one hour, with rest periods intervening. The instruc- | 


tions were 28 follows: “Lines will be projected in front of you; you will see them 
together for an instant. Tell me then if you perceive a complete figure and des- 


cribe it, $.e., how everything appears, behaves, and disappears.” These instruc- . 


tions appear highly suggestive to the reviewer, and they may even partly explain 
the results obtained as due in no mean measure to the influence of the Aufgabe, 
bearing in mind especially the 7 untrained Os. It might be that if the instruc- 
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tions had been: “Something will appear iw the visual field; you are to describe 


your experience in detail," the results would have conformed more to the Gesialt 
theory of perception or would have been near to those effected on the basis of 
Bentley's theory of organization. The study may, ih this regard, serve to illus- 
trate the all-importance for the formulation of any theory of perception of the 
attitude and the Einstellung instilled in the O. This crucial point has hitherto 
hardly been given its.due attention. Under the conditions desaribed above the 
suthor finds four phases of the formation of the figures: At the exposure of the 
figure and its parte, movements similar to those discussed by the Gestalt school 
were observed. It seems, however, somewhat arbitrary and dangerous to divide 
these movements into the two classes, (1) phenomena which are the consequence 
of the tachistoscopic exposure of an object, and (2) form-phenomena whith must 
be considered as a result of the tendency to formation of a new whole from colleo- 
tive data, 1.e., as the Durchsiructurierung of the observed complex. There is, in 
point of fact, no possible criterion for such a discrimination. The author’s ex- 
planation of the Müller-Lyer illusion, as well as his theory of perception, finally 
ebbs out in an organisation of ‘meanings.’ With its careful technique, its almost 
complete history of the illusion, the study will take its permanent place in this 
classical field. 
Wittenberg College M. L. RxvuznT 


The Growth of Reason. By FRANK Lonumer. New York, Harcourt Brace & 
Co., 1929. Pp. xii, 231. 

The sub-title of this book is: A study of the Réle of Verbal Activity in the 
Growth of the Structure of the Human Mind. The volume makes a distinct con- 
tribution toward placing the psychology of language and of reasoning upon & 
scientific basis. Scientific ‘approaches’ are offered to studies in symbolism, in 


. reasoning and in social psychology. Fortunately the author knows biology, 


psychology, and philosophy, and apparently enjoys the art of keeping an even 
keel while steering for his goal. New and difficult terms are defined with unusual 


_ Clearness. The book abounds with new insights and new points of view without 


being radical or strained. The mind-body conundrum, the symbol-meaning bug- 
bear, language and higher thought processes are among the problems admiraoly 
handled. 
The coritenta appear by chapters and are expressed in analytic form, and the 
bibliography, also arranged by chapters, is placed at the end of the text. 
Skidmore College Linus Kurmx 


‘Principles of Experimental Psychology. By H. Prénow. "Translated by 
J. B. Miner. New York, Harcourt Brace & Co., 1929. Pp. viii, 190. 
. The latest French edition of Piéron's book appeared in 1928, and was re- 
viewed in this JOURNAL (41, 1929, 124). We now have it translated into English 
by Miner. Thus it is available for general student use as a text or for reference. 
Miner's translation is both adequate and pleasing. The sense of the French 
text has been rendered with utmost accuracy into English which retains the , 
style of the original without an ‘accent.’ 

Hobart College . Forest Les Drnauick 
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The Growing Boy. By PauL Hanuny Furrer. New York, Macmillan Co., 
1930. Pp. viii, 192. : 

In The Growing Boy Furfey preserte a vary simple and readable account of 
the social characteristics and play interests of boys between the ages of six and 
sixteen years. Chapters I, II, IIT, ard VIII deal with growth in general, the 
concept of developmental age, developrient during the first six years, and adoles- 
cence. The remaining six chapters are given up chiefly to a series of brief case 
studies of the play behavior of boys of different ages. Throughout the book, the 
. fact that social development is a eontiruous process which is not marked off by 


‘any very sudden or discrete steps is emphasized. Developmental age, which is ` 


the writer's term for “the progressively increasing maturity of behavior which 


shows itself in the child's changing interests and in his whole behavior" shows an . 


age-cverlapping which is quite similar tc that found for stature or mental age. 
The value of the book is much enhanced by the well-selected list of references 

at the end of each chapter. It should form a useful addition to the library of the 

elementary teacher or the lay reader who is interested in child development. 
Institute of Child Welfare Frorencs L. Goopsnoues 
University of Minnesota — 


A Syllabus Work-Book for a Two-Lsvel Plan of Instruction in Elementary 
Psychology. By H. H. Rewames and G. C. BRANDENBURG. New York, Mac- 
millan Co., 1930. Pp. 110. 

This work-book contains a series of assignments in Gates’ Elementary Psy- 
chology and Dashiell’s Fundamentals of Objective Psychology, with supplementary 
questions and readings from other authors. There is also a list of exercises or 
more specific questions to be answered in writing. For the more able or more 
ambitious students optional assignments are suggested in the way of reports on 
additional readings, observations or exercises. . These are more general in nature. 


While the work is an attempt to take care of the more able students in the: 


same classes with the less able, the method may not prove the most advantageous 
one, however, as there is little recognition that the able student knows much of 
the work at the start and may actually need a more advanced course rather than 
additional assignments beyond the usual ones. . 


University of Minnesota | M. J. VAN WAGENEN 


Sleep: Why We Need It and How to Get it. By Donar A. Laren and CHARLES 
G. MunuER. New York, John Day, 1930. Pp. xi, 214, 13 charts, 2 tables. 

This is an interesting and amusing book, popularly and carelessly written in 
semi-journalistic style, and resplendent witk anecdotes. It is apparently of little 
scientific value since experiments and procedures are not described so that they 
could be repeated, and exact data are om‘tted. It has an appendix giving a 
brief ‘Description of Typical Experimenta’ £nd a bibliography of 81 titles which 
are not referred to. There is no index. 

University of Minnesota C. R. Garvey 
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COMPETITION IN CHILDREN: AN EXPERIMENTAL 
STUDY 


By PzanL J. GREENBERG, University of Vienna 


The literature on competition is plentiful. The importance of 
this human inclination is everywhere acknowledged, and it is every- 
where exalted as one of the prime motive powers in the accomplish- 
ment of the world’s work. The nature of competition is perhaps 
the subject of an equal amount of discussion, and here agreement 
is not so universal. ‘There is a tendency among psychologists to try 
to determine whether competition.is a primary instinct, or merely 
a human tendency that can be developed by nurture and directed by 
social relationships. The argument depends much on terminology 
and the terms vary with schools of thought. A decision between 
the contestants has no especial significance for this investigation. 
For the purpose of clarity of thought, however, it seems advisable 
to take a definite stand in the matter of definition. So, throughout 
the following pages, competition will be understood to mean that 
human tendency which consists of a desire to excel, an impulse to do 
better than our rivals. 

- Some studies in rivalry have already been made, although the field has not 
been extensively investigated. Our present research is in the field of child psy- 
chology, and we shall report particularly our findings on work in the field of experi- 
mentation with children. The experiments of Moede are those which first come 
to mind.? His comments on rivalry are based on a series of experiments in which 


a child tried to attain a good result on a dynamometer. The child tried with all 
his might; but when a second child was brought into the situation, his power in- 


*Accepted for publication Feb 1931. 

1This work was carried out und "6 lotte Dühler, Director of Research 
-of the dore: Institute of Vende: The author wishes to thank her, and Ler 
assistant, Dr. Hildegard Hetzer, for their valuable socio 
|O3W. Margen Ezperimentelle Massenpsychologie, 1920, 1-73. 
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creased and he did better. Moede proceeds to enlarge on the effect of the contest 
on the contestant and on the group. 

In her study of the popular or folk playa of children, Hetser discusses the com- 
petitive plays of children. She found that before the age of 3 yr. rivalry or com- 
petitive plays were absent. Between the ages of 3 and 6 yr., 8% of all the child’s 
play is competitive. She says in part: ` 


In the plays of ear ay childhood blind chance and the ho ge of, ios playi 
gether decide pe social position of the individual child. 
various ‘offices’ of the game is determined, for the most part, by the deri of the 
game. Individuals have no opportunity to change their so 
sonal merit. Contests of this type are found first in the plays Mee ithe, 
2: nes aero sm of comrades of equgl age. After the sixth year of life the con- 
on an ever widening aspect. Bodily skill above all, but mental 
ii a8 eg help to win. The aunty t acteristic of the ideal leader of certain 
pupi is pre&minent here. Wi pore at the age o bords bodily power, 
, and co come first; with girls success depends on drawing, ; 
roller” skating. ore the tenth year this sex difference is lacking. In early 
childhood ‘rivalry plays,’ and in later childhood ‘neutral companion plays,’ move 
into the background.! 


A very careful and exact study of despotism and rivalry in babies has been 
made by Charlotte Bühler It is concarned with the behavior of children from 
4 to 22 mo. of age, and is a detailed siudy of how children of this age seek to 
dominate the situation and thereby display their despotism. in this situation two 
children of varying age relationships were placed together and a toy given to one 
of them. Bühler says that if you expect an immediate battle for the toy you will 
be disappointed; “the child who does not receive the plaything is satisfied to 
look on, to see what the other child does with the toy, for at this time the looking 
gives him as much, or even more, pleasure than grasping. Also, when an older 
child takes away a plaything from the younger, the younger is so completely 
occupied with looking that ceasing to have and grasp the thing does not yet cause 


him to suffer and seems in no way to injure him."* She continues, “Despotism ` 


between children springs from other causes and events than prevail between the 
child and the grown-up. The play situation between two children coming to- 
gether for the first time is almost complevely neutral. When there is only looking 
contact,’ one can observe the neutrality of the relationship. It is with grasping 
that the ‘collision’ begins.’ 

She traces the development of despotism in these youngsters, the attempt on 
the part of one child to impose his superiority on the other by the strength of his 
activity. Her findings are as follows: (1; The child of the first half-year does not 
yet enter into a relationship of despotiam and rivalry. At this age rivalry is 
incidental to the object and despotism oí the older child. (2) In the second half- 
year rivalry and despotism are found vigorously developed. (3) Age relationship 


playa a very definite part in the stages o? development of rivalry and despotism. - 


Only children of approximately the same age (maximum difference 214 mo.) rival 
each other, and the older child is almost always the despot. 


JH. Hetzer, Das volkstümliche Kinderspiel, Wiener Arbeit. f. pad. Psychol., 
6, 1927, 75: 

«C. Bühler, H. Hetzer, and B. Tudor-Hart, Soziologische und psychologische 
Studien dber das erste Lebenjahr, 1927, 1-102. 

V bid., 55. *]bid., 56. 
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portant subject. Hurlock investigated the effeot of incentive on performance, and 
reporta that children do better after either praise or reproof than after mere 
repetition.” Ross has shown that motivation is greater for bright children than 
for dull ones.* Both studies corroborate the empirical psychological statement 
that competition is an energizing and stimulating human impulse under whose 
influence the best work is often accomplished. 

To sum up the preceding opinions: they seem to indicate that competition is 
an axtremely important human impulse, playing a vital part in life’s work; that 
competition directly influences and vitalizes the quality of this work; that com- 
petition and pugnacity or despotiam are very closely related, though not identical; 
and that pugnacity appears to precede competition. 


OBJECT 

. The object of the present investigation was to study a competitive 
situation, and to determine: (a) whether, in &.given situation, 
competition always exists; (b) when, in that situation, the tendency 
first occurs; (c) whether, if present, it exists always in the same 

degree; (d) how it manifests itself; and (e) what eauses it to vary. 
This report falls into two parts: (I) An evaluation of the degree 
of competition displayed in the child’s performance when he uses 
concrete material in a specific situation. (II) An analysis of the 
factors causing the variations in the manifestation of competition. 
This ‘analysis includes a discussion of competition as an inclination 
developing normally and in definite relation to certain laws of growth; 
& consideration of the part education plays in the growth of competi- 
tion in childhood, and an evaluation of the part that personality 
and individual differences play in the exhibition of competition. 


METHOD AND PROCEDURE 

The greater part of this experiment was carried out in the department of 
Kleinkinder of the Kinderübernahmsstelle in Vienna, although children in two 
other kindergartens were also observed. Children from the age of 2—7 yr. were 
included. The experimenter entered the room where the children ordinarily 
lived, and choosing according to her needs the ones with which she wished to. 
work, asked them if they would like to build. In practically 100% of the cases 
the answer was, “Yes.” If not, that child was not urged against his will to go ` 
with E. Two children were then taken into a smaller room, where they would 
be less disturbed by others. Here they found a small improvised table, a rather 
wobbly one, and on the table a pile of building blocks. These blocks were smaller 
and more varied in size and in shape than the ones with which they were familiar. 


TE. B. Hurlock, The effect of incentives upon the constancy of the I.Q., Ped. 
Sem., 32, 1925, 422-434. 
*C. C. Ross, An experiment in motivation, J. Educ. Psychol., 18, 1927, 337-346: 
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The material offered the interest and challenge of novelty and of a little more diffi- 
culty than that-of the materia! already familiar. On the other hand, it was of a 
soru with which any child could do something, even if only to handle it, The 
factor of uneasiness with E was absent because of her frequent previous contact 
with the children. Even the very little children always came eagerly to build. 

The time, the place, the material, and the # were constant in this experiment. 
We were not, of course, constantly dealing with the same children from week to 


week, since they remained in the institution only about three weeks. From one ' 


point of view, however, the iyps of child was ‘constant’ and represented in most 
cases the milieu often designated as proletarian. But the children’s parentage 
comprised every possible mixture of type and quality, from the point of view both 
of heredity and of environment. Most of the children came from poor homes, 
but & cross-section of their homes represents exceedingly well a cross-section of 
society in general. 

The children, therefore, of varying ages and of varied home background,were 
brought two at a time into a small but very pleasant room, and seated on their 
own little stools opposite each other at a table with building blocks. The blocks 
were piled in the middle of the table and were not divided between the children; 
each child could reach out and take as many as he needed or wanted. For the 
most part they were glad to play with the blocks or build with them, which suited 
E’s purpose very well. Without instructions beyond being encouraged to go ahead 
and make something, they were permitted to build freely at will. The construction 
was considered finished when either child said, I have finished," or when he had 
used up all the stones. When both children had fmished they were asked to come 


and stand by E's side and to look carefully at each other's construction. Then 


they were asked, "Which is prettier?” This first construction, carried out with- 
out an assignment, and inclusive of the child's answer to the question, “Whose is. 
prettier?” was considered the first part of the experiment. 

After they had answered the question the children were permitted to build 
again, but this time they were given an assignment. E pushed all the blocks into 
the center of the table again, and locking at both children said, “I would like to see 
who can build prettier this time?" or “Would you like to see who can build 
prettier?” In some cases the children built a third time, the assignment then 
being, “Let me see who can build bigger." 

The activities, the remarks, the geetures, the whole mood of the situation, were 
recorded in the protocols as completely as possible. The name, sex, and age of 


each child were registered and a record kept or all data concerned with the experi- 


ment. In the 2-3 yr.-old group there were 2 boys and 6 girls; in the 3-4 yr.-old 
group 8 boys and 7 girls; in the 4-5 yr.-old group 5 boys and 6 girls; in the 5-6 
` yr.-old group 11 boys and 9 girls, and in the 6-7 yr. old group 7 boys and 4 girls. 


L 


I. BEHAVIOR IN COMPETITION 


'The constructive situation of the experiments has two basic ele- 
ments or components out of which the problem of competition arises. 
The child cannot escape from some sort of contact with either the 
other child or the material. He has been placed in a social situation 
wherein he builds with another child, and he has been given blocks. 
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as material with which to work. Competition is concerned with 
both, because out of the child's relationship toward the other child 
develops the inclination we are here calling competition. This state- 
ment may be reversed: the child indicates the degree of competition 
which he experiences by the way he behaves toward the material 
and toward the other child. In this section of the paper, therefore, 
we shall devote ourselves to &n examination of the child's behavior 
in these two respects, and from this examination we hope to gain 
criteria by which we may evaluate the degree of competition the 
child is exhibiting. | | 

(A) Relation to material. The child's relation to the material is 
not constant; his reactions change not only as the experiment is 
repeated or varied but also during the progress of any one building.’ 
He comes to the situation for the first time, fresh, and his behavior 
8t the very first contact with the material seems to convey & definite 
significance. To keep this reaction unadulterated E gave him no 
directions. She simply asked him, “Would you like to build with 
some blocks?" When he answered “Yes,” she brought the two 
children into the room and into the situation already described. 


(a) Early behavior. What did the child do when he sat down? 
At least one of several quite different things: he (7) merely played 
with the blocks, or (£) did nothing with them, or (8) began at once 
to build. | 


(1) Played. When first confronted by the situation, some children began im- 
mediately to play with the blocks. This is an exceedingly characteristic and un- 
mistakable type of behavior. Such a child did not hesitate for a moment..He was 
scarcely seated when he touched the blocks, drew them toward himself, pushed 
them away again, lifted some up, let them drop, twirled them around in little 
circles, etc. These movements were mostly arm and shoulder movements, at 
times involving the hand, but almost never employing the smaller muscles of the 
wrist or fingers. The child’s attention in these cases was given to the material 
not as something with which to work, but merely as material with which to do 


‘something, and from the constructive standpoint his movements were undirected 


and non-specific. In 50% of the cases this mere manipulating continued through- 
out the experiment; in the other half, the child passed from such undirected 
functioning into a more constructive handling which at times closely resembled 
building. But even when the child did eventually build, his behavior could be 
characterized by the word ‘uncertain.’ Not 1% of the children at this stage were 
found to give these uncertain constructions a name. . 

(£) Did nothing. To the group just described belong the children between the 
ages of 2-3 yr. There seems to follow in the slightly older child (3-4) a period 
wherein he does not attack the material at the very start, but delays handling 
the stones and gives his attention to his surroundings. He looks around. the room, 
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doea nothing. He appears not to see the blocks as a special object of attention, 
` and does not begin to touch the stones until the other child has begun to build. 
Take for example the following protocol: 

Boy, H.E. a age A While iets aga builds steadily, H.E. looks around, 

es remarks e room. Hears some water and turns 

Be Teena is toed Curbed tn thse dE caa. ocks over 

other child’s buildi unintentional, occurred through movement). , Coughs. 
Talks about stones. Yet when asked whose im prettier he said, “Mine. 


` (8) Built. Tn the third type'of behavior the child goes immediately to the 
blocks and handles them constructively, making something out of them. These 
cases were very numerous and appeared to increase with chronological age. 


Table I and Fig. z show the relation between age and the fre- 
quency of the three types of behavior just described. It is not hard 


TABLE I 
T BETWEEN AGE AND Tyra or BEHAVIOR 
Percentage who | 

Age-Group do nothing play build 
(yr.) 

2-3 0.0 62.5 37-5 

374 31.6 i 21.5 46.9 

4-5 28.7 14.3 67.0 

. 5-6 0.0 22.7 78.3 

6-7 IO.0 0.0 90.0 


to understand why the child of 2 or S 3 years of age begins " 
once to manipulate the stones. The infant made his first random 
and undirected movements without any relation to an outside object. 
As the child develops and comes into contact with material, this 
progression from non-specific to specific reaction is repeated with 
each new material. Consequently the young child to whom these 
building stones are a new material, and whose building experience 
is very limited, makes toward that material undirected and non- 
specific movements. The 3-yr.-old has discovered that manipulation 
has an end-result, and that out of the material he can make ‘a thing.’ 
This interest in the material leads the child to see what he can do 
. with it and he builds. The figures show a very interesting rise in 
the percentagé of children whose attention to building grows, start- 
ing with 37.5% in the child of 2 yr. and reaching 90% in the 7-yr.- 
old. When, however, the child of 3 yr. is arriving at a phase of de- 
velcpment wherein he is interested in effort with the material, he is 
also approaching the social age. He appears more interested in his 
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Fig. 1. EARLY BEHAVIOR wiTH THE BUILDING MATERIAL 


surroundings, in the other child, in other people, in the other things 
in the room, than in functioning through the blocks alone. The 
percentage of children who sit before the blocks and do nothing with 
them rises from o% in the 2-yr.-old to 31.6% in the 3-yr.-old. The 
percentage falis when the child reaches the age of 5 yr. and is appar- 
ently familiar with the material. Then he wishes to begin work at 
once with it. 
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The child's behavior at the very start, then, is integral with his 
understanding of the problem. The child of 2 yr. does not see the 
blocks as material; he sees them as things with which to function. 
The child of 3-5 yr. already recognizes the material as stuff for 
work, but his interest in the-other child is perhaps the stronger 
induence. He does definitely recognize the blocks as a creative 
medium, and passes rapidly from a functioning to a working be- 
havior, all the time being even more aware of the other child in the 
situation. Thus, as has been said, at the very beginning of the 
problem the child’s behavior falls into three types: functioning with 
the material; doing nothing with the material (at the start); working 
with the material. The correlation between the child’s mastery of 
the material and his Teeogninon of the idea of excelling will be dis- 
cussed later. 

(b) Behavior dune building. The child's behavior with the 
material does not, however, confine itself to what he does at the 
beginning of the experiment. The experiment continues, and by a 
study of what he does later in its course we can obtain some further 
idea of the progress of his mastery of the material and the correlation 
between mastery and competition. The casual observer might say 
that surely if the child builds at all he merely uses the material. 


But close observation distinguished some interesting variations in the . 


way he handles the material. The reference is not to the skill with 
which the child uses the blocks but rather to the manner in which he 
recches out for them. Muscular behavior seemed to have a direct 
and rather close relation with the feeling-tone of competition, as 
Table II indicates. 


(1) Used as needed. There were a lerge number of children who simply used 


as much of the material as they needed, reaching out for blocks one or two at & 


time, either taking those nearest at hand or choosing the ones which seemed best 
fitted to the construction they were making. This kind of reaching is itself varied, 
of course, and depends on the child’s development and skill; but it is mentioned 
here as one type of behavior towards the stones, in which the child “using the 
material for his needs" is responding to the need for stones and not to the social 
situation or to the impulse of competition. He is doi his needs i in the interest 
_ of the work. 

But this type of action does not always obtain. Without attempting at this 
point to analyze the cause of these variations, but merely to describe them, it 
may be said that while many children simply used the material as they needed it, 
others very definitely exhibited one or two other aids of action: ‘grabbing,’ or 

‘giving.’ 
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(2) Grabbed. The child who ‘grabbed’ reached and took what lay on the other 
child's side of the table. - There can be no doubt that such a child was.exhibiting 
something different from & need for material. It was indeed & need for certain 
material, but it was a need attended both by a disregard for what belonged to the 
other child and at the same time by an anxious regard for what the other child 
would say in response. This high-handed disregard was demonstrated by such a 
startling act as the child’s standing up, reaching right into the middle of the other 
child’s construction and taking what he wanted. At other times the child took 
stones surreptitiously (say from a little pile the second child had gathered ready 
for use), and watched all the time to see if he was observed. There were cases 
where he took many stones and hid them slyly in his lap, and also where the 
recognition of grabbing led to out-and-out quarreling. The close relationship be- 
tween the competitive impulse and the instinct of pugnacity was dramatically clear. 


TABLE II 
BEHAVIOR WITH BLocks DURING BULDING 
Age-Group Percentage who 
(yr.) grabbed gave used as needed 
2-3 0.0 16.6 83.4 
3-4 0.0 5.2 94.7 
475 30.7 0.6 |. 69.3 
5-6: 36.4. 13.6 50.0 
6-7 27.3 18.2 54.5 


(8) Gave. A more subtle piece of behavior and one a little more difficult to 
analyze was the ‘giving’ of stones. At times this giving was in response to a re- ` 


. quest for stones. But oftener it was a spontaneous giving, apparently divisible 
; into two types. One was a mere social giving; another child was in the situation 


and the child thrust stones toward him. The second was in response to & recog- 
nition of the other child’s need of the stones, a recognition which is involved in an 
understanding of the situation. At times the child offering the stones would 
observe the second child searching or looking about. Then he would say, ‘Do 
you need this ?", handing him at the same time a stone. Generous, however, as ' 
this act appears to be, it is closely connected with the child’s recognition of the 
problem, and is bound up with the impulse of competition. For while the 2-yr.- 
old stage does show in the following table a greater number of children giving 
stones than appears from 3 to 4, it must be remembered that this giving is largely 
& muscular movement, just a shoving of the stones toward the other child. In 
the next age-group, when the child shows many other signs of social interest, that 
is, looks more at the other child, talks to him, etec., he does not yet give him stones. 
The reason for this will be discussed in the next section of this paper. Let it 
suffice to say here that while he is interested in the other child he does not yet 
recognize him as part of the building situation. 

There is one other comment to be made on the way the ehild behaves with the 
material. The child of 2 yr. at no time asks for stones; while the child of 6 does so 
with a very clear indication of conscious action. This very simple observation has, 
however, a deeper significance, and gives a general view of the whole develop- 
ment. The child passes from a mere stimulus-response reaction and equally non- 
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thoughtful giving through the steps of (2) neither giving nor taking. (b) then & 
decided grabbing, (c) finally a stage where he does take what he wants, but also i 
asks for what he needs, and thus exhibits fully an understanding of the problem. | 
— (c) Interest in work. We may include as indicative of the degree of competition 1 
. the child's attitude toward his own work. This is, of course, the most definite of | 
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the indices, but at the same time the most subtle. For while it must be described 
in terms as concrete and definite as possible, still it involves what is called by some 
psychologists ‘a feeling-tone.’ That is, cases frequently occurred where E ‘felt’ 
competition more keenly than she could describe it. She was finally able, how- 
ever, to isolate and organize some of the phenomena that suggested ‘competition.’ 
These phenomena were (1) degree of attention, (8) physical signs of interest, 
(8) remarks about own and other’s work, and (4) child's judgment concerning 
the work. | 

(1) Attention. It seems logical to regard the degree of the child's attention as 
& measure of his interest. In order to determine, therefore, whether a child was 
exhibiting interest in the building process, we used the quality of his attention as 
one means of measurement. The child was said to be attentive if he directed 
himself to the blocks and either manipulated them or built with them throughout 


TABLE III 
PERCENTAGE OF CHILDREN SHOWING POSITIVE ATTENTION TO THB BLOoKS 
Age-Group 
2-3 374 4-5 576 6-7 
Attentive 75 40 71.5 81 90 
'. Inattentive 25 60 28.5 — I9 IO 


th} experiment. Such a child attacked the problem with eagerness and at times 
even with force, and remained at his task until he had completed it. Sometimes 
he gave passing attention to extraneous sounds or intruding persons, but such 
attention was momentary and relatively superficial. His conversation, too, con- 
cerned itself with the work in hand and not with his social life or other interests. 
That is, of course, an extreme picture; there were many children who could not 
measure up to this high standard and yet gave the observer the impression that 
they were interested. I shall give here two protocols to make my meaning clear: 
An inattentive child. 

Girl, E.J., age 4^0. Does not build. Does not play with the stones. Gazes 
around the room. ks at Fritz. Wiggles in her seat, looks out into the hall. 

E asks her, “Can you build?" She answered in a slow sleepy voice, “Oh, 
yes!” E, “What are you building?” Answer, “A house." 

The other child pointed to E.J.’s stones and said, “That isn’t a house." She 
answered, ‘Yes, that is a house.” At the question, “Whose is prettier,” she did 
not answer, merely pointed to the other child’s construction. 


An attentive child. oe 

Boy, H.H., age 3°6. He says: ‘There! I am making a train." T contin- 
ually to himself as he works, but keeps on working and does not deviate at all 
from the building. “So, now I lay something here. Oh, Oh!" Puts a stone on 
the construction. Goes on building without looking up. Seems to have his train 
finished. Fade ie oi train. An eir train. Well! Here's a bridge." 
oe toit. Talks to himself as he builds, “A boat is sailing under the bridge.” 

asks, “Are you finished?” Answer, “Not yet.” In a few moments he says, 
“Now Í am finished!" Gets up and comes to side of E. At question, "Whose 
is prettier?” he looks at both and finally points to his own. 


Let us regard this from the quantitative standpoint and see how the percentage 
of attentive responses varies with the age-groups of the children. ~ 
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It can be readily seen from Table ITI that the child of 2-3 yr. of age was atten- 
tives to the blocks. It should be noted that he did not build with the blooks, but 
rather manipulated them and busied himself with them. He however gave his 
attention to the blocks. ` The slightly older child, the child from 3-4, was dis- 
tracted by outaide sounds and sights. He gave attention readily to any passing 
disturbance. From then on attention increases until the child of 6-7 exhibits 90% 
interest. The existence of even this 10% of disinterest was doubtful, and must 
- be considered again when we look for the more personal causes of variation. 

(£) Physical signs. A little easier to observe were those physical signs by 
which the child seemed to show unmistakably when he was especially interested. 
We shall try to show the relation between the physical manifestations and the 
feeling-tone accompanying competition. As soon as a child became aware of the 
real meaning of the situation, these physical signs showed themselves very clearly 
and sometimes s child who when building for the first time (that is, without an 
assignment) had been quiet and relaxed, became restless and intense under the 
excitement of competition. Sometimes rather slow movements changed into 
rapid ones, and relaxed muscles stiffened. The child experiencing the competitive 
impulse sat more erect in his chair, sometimes on the edge of his seat. He reached 
out with short, jerky, motions. Color increased and often the eyes brightened, 
although quite often the lids came down over the eyes, either to increase the 


surreptitiousness of his glance toward the other child or because of the tenseneaq: 
of the eye-lid muscles. Children exhibiting this competitive impulse at times rose . 


out of their seate— two actually exchanged seats. 
Looking through the protocols I find many phrases such aa the $otiosing: 


[Protocol 6] Laughs, puts to di idi. . [47] Bod tense. Tanpi op and 
down. Claps hands ds, nga. [55] Ev t 4 
ys his b 


[56] oe si and ga i is here. 7" i79] Increases speed.. 


pop Mi the stones are used up. [80] Makes many restless movements of the 
ody. im Can. scarcel ree ee oa yes sparkle. [124] Jumps up and down. 
Begins to get excited. © d. 


Thus in many physical ways the child proclaims to the onlooker that he is not 
passively manipulating the blocks, nor even merely using them as a material 


means to fulfill his building interests, but that he.is aware of a social situation’ 


and has a desire to excel his partner, a will to succeed. Not all of these physical 
movements need be consciously directed toward the goal, but one does feel that a 
child acting in this manner is bending all his energies to the purpose of surpassing 
& campetitor. 


(3) Child's remarks. Many children showed by their remarks that they 
were quite aware of the problem, that they understood the situation, and that, 
further, they wished to excel. 

A few examples must suffice. For the sake of clarity I have organized them 
into groupe, but they all seem to have one underlying theme, gelí-exaltation, 
with all that this implies: 


(a) Remarks about the need of certain materials so as to continue the work. 
“I need two big stones."—''I want a longer one."—''Have you some more of 


thess very little stones?”-—“Yaou have so many, and I have so few!"—"T need . 


many, many, many.” | 


ded stone brings a glow to his face. 
Doesn't - 
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(b) Remarks about the sort of thing they are making. 


“I am making a train.”—"T like to make only towers."—"'I ean also make a 
garden."—''Sol Here is a window." 


(c) Remarks on their own work showing pride or desire to excel. 


“A big housel"'—'Look! Isn't mine prétty?"—''Look at mel"—'T'm 
not finished. I must work very hard."— "Bigger! Bigger! bigger! bigger!"— 
“My stones don't fall over, I give attention.’ 


(d) Extraneous remarks reflecting glory on themselves. 
“My mother is going to get me when she has money." 


Table IV shows the percentages in which these different classes of remarks 
occurred. >’ 


TABLE IV 
PERCENTAGE OP REMARKS ABOUT Own Work 
Age-Group 
2-3 374 4-5 5-6 6-7 
Positive | '" 0 IO 26.6 43.4 70 
Negative . ô o 0.0 0.0 10 
None 100 90 74.4 56.6 20 


An analysis of the causes of these variations will be made later. The develop- 
ment proceeds, of eourse, from the absolutely uncritieal attitude of the child of 
2 yrs. of age to the much more critical attitude of the child of 7. The 7-yr.-old 
includes some negative remarks about his own work. 

The tendency to make remarks has a direct bearing on the display of com- 
petition. The child who says nothing at all about himself, does not understand 
the situation; he does not see that the situation is a competitive one. He shows 
what he feels by what he says. The child who exclaims, “Sister, look, look at 
mine. How nice it is!” gives an unquestionable picture of a child awakening to a 
desire to excel. The child who says nothing probably feels nothing, unless, of 
course, he shows feeling by some other means. 

(4) Child’s judgment. In the child's judgment of his own work, we might 
expect to find another means of studying the competitive interest. E found it 
very hard, however, to understand these replies, for it seams probable that the 
assertive ego in the child is the strongest feeling he has and makes it difficult for 
him really to compare his work with that of another child. Each time after the 
children had built they were asked to stand for a moment at E's side and to look 
thoughtfully at each other's work. Then they were asked, ‘Whose is prettier?"; 
or, “Whose is bigger?" The answers were by no means always logical, and seemed 
to be actuated by almost any motive except a decision according to worth. The 
answer of the 2-yr.-old child was interesting. In 58.3% of the cases he did not 
understand the question, and either did not answer at all or repeated the last 
word of E's sentence, e.g., E, “Which is prettier?” Child, “Prettier.” E, “Whe. 
made the best building?" Child, "Building." Most of the remainder of the 
2-yr.-olds answered, "Mine," without apparently thinking about the matter or 
weighing their answer. So far as É was able to analyze the situation, there was nc 
correlation in this age-group between the child's building ability and his answer. 
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Ace-Group ~ 


Fig. 3. DrerRIBUTION OF Various Tyrms or REMARKS 
i Percentage Every Age-Group 
2-3 3-4 475 5-6 6-7 


"MODO Loose ie 25.7 75 75 63.4 80 
Did not understand 58.3 6.2 O . 0 o 
"Other 8" roseis 16 18.8 16.7 I9 20 
Uncertain......... o o 8.3 17.6 o 


Likely the answer depends on his comprehension of the words used. 1f the child 
of this age understands the question, the answer, without hesitation, is ‘“Mine.” 
_ There was one exception to this generalization; this was the case of a boy who was 
not particularly interested or attentiva, and who simply pointed to the other 
child’s construction. In the next age-group (3-4 yr.) there were still some children 
(6.2%) who did not understand the question. Nearly all the children of this 
group answered, “Mine,” without any hesitation. It may seem a contradiction 
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that children who are at the most social age should prefer their own work without 
giving the work of the other child a thought. But a study of the situation re- 
minds us that this social relationship has, as yet, nothing to do with the problem 
in hand. 8o he talks to the other child, looks at him, is thoroughly aware of him, 
yet if you ask him, “Whose building is prettier?," he says, “Mine.” 

There were a few isolated cases where the child replied by pointing to the other 
child. In two cases this occurred in children approaching 4 yr. of age (3'9 and 
3 11, respectively); these were children who were building with a sister, and more- 
over, an older sister. In a third case the second child was older. In no case did a 
. child consider the work of a younger child better than hia own. 

With the 4-5 yr.-old child the kind of answer remains much the same. At this 
age-level, 75% of the children consider their own work the better; 8.3% are un- 
certain, and 16.7% consider the other child’s better. The percentage answering, 
‘Mine,” is higher in the next age group. Of the children between 5 and 6 yr. of 
age, 81% finally considered their own better, although of these 17.6% were un- 
certain just what to say. 19% of this age group considered the other child’s 
prettier. The still older child (6-7 yr.) displayed leas hesitation; 80% said, 
“Mine,” without hesitation, and 20% indicated the other child’s work. 

Fig. 3 shows the distribution of the various types of remarks among the differ- 
ent age-groups. l 

It may be seen first, that the child of 2 yr. either does not understand the prob- 
lem, or answers, “Mine.” Secondly, that understanding of the building situation 
‘rapidly increases, and by the age of 4 yr..every child appears to know what is 
meant by ‘prettier’ or ‘bigger.’ Thirdly, that at no age-group in this experiment. 
did the child seem to be greatly interested in the other child's building. We have 
already observed that he was much interested in the other child, but when it was a 
question of construction, his own work demanded his attention. Fourthly, that 
there is a rise in the percentage of children who consider their own work better. 

These figures do not tell the whole tale, however, and we cannot leave the 
topic of the child's attitude without giving some attention to the differences con- 
tained within that answer, “Mine.” The numbers do show a high percentage of 
children who answer this way, But we wish to call attention to the difference in 
the quality of this “Mine.” Note the difference in the feeling one gets as to 
. thinking on the part of one child and no thinking on the other: 

Girl, C.K., 2°6. Pulls many stones toward herself. Talks constantly but 
does not build. ks around. Playa with stones. Talks to stones. Clean wash 
comes in. She remarks on the wash. Plays with stones. Finally builds a little. 
: coo is put, “Which is prettier?” Says without hesitating or thinking, | 
_ CK. gives no evidence of understanding the problem as a competitive one. 
She merely gives an answer. The child in the following protocol cannot build 
either, but shows both by her tomarse and by her manner of-answering that she 
would like to excel. 

Can Ua UE *6. (with K. 6'0.). Very diffident. Does not seem to know 
how to begin helps her to build as an encouragement. She does not yet build. 
E says, koni to stimulate her, “I would like to see who cen build better." She 
dp AT not build. E says, “R. and I wil build." R. says, “I will make a 

Other child says, "I can also make a train.” R. says sneeringly, “That 
imt a train.” E asks of both, SW hose i is prettier?” R. points to construction 
MA E built, and says, “Mine.” 
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Still more indicative of the competitive impulse well developed is the following 
protocol: l ] l 
. Boy, E.A., age 4'6 (with H.G., 3'11) Z, “Would you like to build?" 
E.A., eg? Builds with &nd interest. With o says, "I am soon 
finished." Points to H.G., “He isn’t finished f dd en both children have 
finished they stand by E. E, pointing to H.G.’s house, “Isn’t that pretty?" E.A.: 
ns but once he hit me with a stone!” E: “Whose is prettier?” E.A., quickly, 
éé o." 


It seems from the foregoing examples that the answer “mine” does not always 
have the same qualitative value. Hence, the percentage of answers to that effect 
does not indicate the degree of competitive impulse. All that we can say defi- 
nitely from the above graph is that verbal behavior is clearly correlated with 
the other indications of competition. 


(B) Relation to the other child. We have thus far discussed the 
child’s relation to the material; now we shall consider the responses 
to the other child. 


(1) Watches. There were cgses in which the child did not appear to observe 
the other child at all. This was true of the very young child who came to the 
table end was barely seated before he began to lay hands on the material. He 
appeared to notice nothing except that there were stones which he could manipu- 
late. For example: - , l 

Girl, C.K., age 2°6. She is brought to the room where she finds table, chair 
and blocks. She seats herself at once in the first chair she comes to, the one nearest 
the door. Without waiting she begins at once to manipulate the stones. She 
touches them, shoves them about. Some stones fell; she picks them up. She 
talks constantly in an indistinct mumbling which cannot be understood. Jigs and , 
jumps about with stones. She bumps up and down in her seat. Pulls some stones 
toward herself, shoves them away T aput Pays no. attention to the other child. 
E asks, “What are you x c No answer. Goes on manipulating the stones. 
At close & asks, “Whose buil ng is prettier?” Answer, 'Pretüer. E: “Who 
can buil? the best?" Answer, “Best.” 

It does not seem too much to say that this little gir! was wholly coricerned with 
herself and the blocks. This type of behavior was found in 54.5% of the children 
between the ages of 2 and 3 yr. Thi: type of behavior, wherein the child is busy 
exclusively with the material as something with which to play, diminishes, as 
shown in Table V until the age of 4-5 yr. In 71.4% of the cases at this age-group, 
the child looks mostly at the other child. Then, as his ability and interest in the 
work increases, the child again appears to devote his attention more to the blocks 


~ than to the other child. 


“Looking” can be further clarified. Sometimes the looking appeared to be 
merely gazing at the other child. At other times "looking! was really copying, 
and resulted in definite imitation. The percentage of children who copied was at 
no time great, and was practically the same throughout the various áge-groups. 
This was a surprising result, although it may be explained by the hypothesis that 
copying is more & question of type of child than of age. 

(£) Speaks to. "But the child does more than look at the other child; he 
speaks to.him and about him. These remarks about the other child, as in the 
case of remarks about his own work, make a fertile field for research. There was 
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practically no conversation of the parlor sort, no extraneous remarks. The child 
p emen to devote himself to the object in hand, whether it was mere manipulating, 
or whether it was building. One heard occasionally such phrases aa, “I’m going 
home this week," or, “Last Sunday I saw a beautiful castle," but they were 
exceptional. The child confined himself to the situation. The fewest remarks 
were made by the youngest children. In fact children at the age of 2 yr. made no 
remarks at all about the companion-child. Table VI shows the percentage of 
children in the various age-groups making remarks. 'The things said were specific 
and connected with the work at hand. They were, as Table VI also shows, 
mostly of a negative nature. 


TABLE V 
PaROENTAGBE OY Cases at Every AGE-GROUP THAT Warcuns AND Dors Nor 
Warog OrggR Cap . 
) Age-Group 

2-3 3-4 4-5 56. 67 

Watches 41.7. .52.6 71.4 46.5 50.0 

' Does not watch 58.3 47.4. 28.6 63.5 ` 50.0 
TABLE VI 


PaRCENTAGE oF Cases ar Every Aam-Grour Maxine AND Nor Maxina 
REMARKS, TOGETHER WITH THE PERCENTAGE OF Cases MAKING PosrrIVE 
AND NEsgaATIVAE REMARKS 


Age-Group 
2-3 3-4 4-5 5-6 6-7 
No remarks 100 90.0 - 62.5 59.I 60.0 
Remarks o 10.0 37.5 40.9 40.0 
Positive remarks o o oO . - 4.5 o 
Negative remarks o 10.0 . 31.3 9.1 20.0 


The child's remarks were at times exceedingly curt. He showed, clearly, that he 
thought better of himself than of the other child, and did not hesitate to say so. 
Sometimes gestures accompanied these remarks, such. as a derogatory sweep of 
the hand, or a supercilious expression. For example: 


Girl, F., age 29 o, and boy, H., age 36. Both children have been building very 
industriously, b t H. does not progress very well. He fumbles with the stones. 
F. says to him: A Can't oye u even build?" He answers curtly, "Yes." She 
turns to E, throws back her head and laughs, “Ah! He says, "Yes, ” and laughs 
some more. 


Consider also the tone of superiority of this case: 


Boy, L e RA ae l, E. M., 4'6. ye eee ue ee ear 
not accustomed x E.M. acude and gays to E, 


ond 't do paying a Then she points to her own and says, “Isn’t that pretty?” 
can build a railroad!’ Then E.M. replies in a supercilious 
a e can’t doa thing. J can build a railroad.” 

On a later occasion this same girl was building with another boy (H., age 3°11) 
who was more capable and built v well. In order to diacover what her reaction 
would be, Æ asked her, pointing to H.’s construction, “‘Ish’t that house pretty?" 
Whereupon she slowly answered, “Yes.” Then suddenly, “But one day he hit 
me a stone!” 
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(8) Gestures. Looks ard words tell us what one child thinks of another. 
S-ill more, movements and gestures reveal competitive feelings. Gestures, 
displayed in the ‘despotic’ behavior of children, have been exhaustively studied 
by Charlotte Bühler, who classified those she observed in children, age 4-22 mo., 
when put in a social relationship with each other. The situation discussed in the 
present paper is to some extent similar. But this time the children do not havea 
toy between them, but are working with the same assortment of building stones. 
Bühler found Wegnehmen the earliest gesture of despotism. Although she differ- à 
entiated sharply between despotism and rivalry, we too find that Wegnehmen is 
one of the first signs of the ccmpetitive impulse. Bühler also mentions "hitting," 
"pushing away," “the gestures of teasing,” end the "laugh of triumph.” She 
reporta on the other hand that the inferior child permits himself to be given 
things, to be pleased with things. In the older child who is competing, I can also 
report all of the preceding gestures. But, in addition, I observed an unusual 
amount of physical movement, hiding of stones, stealing of stones, singing, and | 
out-and-out fighting. For example: 


Girl, H., age 4°8; boy, K., age 4°10. E told them that she would like them to 

try again and see who could build 

hid them in his lap. H. objected, "You have zaken some of my stones." No 

answer from K., he merely took another stone from H. Both children very eager. 
H., on finishing her building said, “Here’s the bigger one," Her body was 


the larger. K. grabbed a number of stones and 


tense, jum up and down, hands, sang, ‘Mine is finished and it is 
bizger.” not BO tense, worked. steadily, and said. "Mine will be still bigger." 
Took some of H.’s stones from her SUME: She said, "Don't you take any of 
mine away.” Each considered his own building the larger. (As a matter of fact 


K's was a little larger, but not obviously so.) 


This type of behavior is repeated again and again: a:little girl leans over and 
takes a stone right out of another’s building; a boy grabs all the stones he can get; 
another child stands up, apparently for a better physical position; one child 
snatches stones right out of another’s hands; another child piles his stones in little . 
groups and says they “belongs to me"; and so on for many similar cases. 

There were also the gestures of intense attention. Sometimes a child would 
devote himself entirely to his construction. In his case, no matter how much his 
partner kept on prattling, he went on working. Needless to say, he considered his 
work better. s | 

As Bühler has suggested, there are also gestures of competition that belong to 
the benign type. Sometimes when a child gave another a stone, it was not at 
ali an act of disinterested generosity, but rather a display of friendly competition ` 
and superior skill, This type of giving, as the following example shows, must not 
be confused with mere social offering which appeared in the 24-yr.-old. 


Girl, H., ago 5'0; boy, E.K., age 59. E asked them no questions nor gave 


em commands. 

E.K. built industriously and with great interest. H. built, but not quickly. 
E.K. talked continuously; ssid to Æ, "that is a table," pointing to the table. H. 
paid very little attention to E.K., merely said “Hm-hm.” 

E.K. stood back and looked at hia building and said, with pride, ‘That’s 
done.” H. said, “I can's go any further, I need two more stones like those,” 
pouting to a certain size of stones. E.K. went to his building, took out the stones 

. needed, and said, handing them to her, ‘Here, H.; here, H.” She took the 
stanes and put them in her building. E.K. asked, “Do you need still more, H?” 
H. answered, “No.” ' 
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When finished, both buildings lot ked almost exactly alike. E asked “Which 
. is the prettier?” E.K. said quickly, “Mine is the prettier.” H. was slower to 

respon, finally she pointed to E.K- | (These children were very fond of one 
another. 


e 


| 
II. ANALYBIS or THE FACTORS C, YSING VARIATIONS IN COMPETITION 
It is the purpose in this sect 5n of the paper to analyze those 
factors which cause variations in the display of competition. Our 
study of the child’s behavior in a competitive situation has shown 
that competition is not even found in all the children of any age-group. 
What then causes this variation?. Is it a question of physical de- 
velopment? Then strong children would exhibit competition and 
the weaker ones not.. Is it a question of temperament, of training, or 
of type—or all of these? . 


TABLE VII 
PERCENTAGE OF CHILDREN EXHIBITING COMPETITION 
Age-Group Present Absent Doubtful 
2-3 0.0 89.5 10.5 
374 42.6 55.6 1.8 
475 69.2 , 43.1 7.7 
5-6 75.4 15.8 8.8 
6—7 86.5 ‘5.4 8.1 


To understand the variations in competitive behavior one must 
look closely at the relation to the material and to the other child, 
and find the basic principle underlying these forms of behavior. It 
may be seen from Table VII that the degree of competition increases 
with increasing age, but that competition is not present in more than 
half the children until the child is between 4 and 5 yr of age. The 
growth of competition appears to conform to a regular developmental 
- Jaw which can be analyzed and understood. | 

Principle 1. The first hypothesis which we offer is that competi- 
tion develops consistently with the child’s relation to the material. 
The child's attitude towards the material is fundamentally altered 
when he has masteréd it.. He experiences no sense of competition 
toward material with which he is unfamiliar or which he has not yet 
mastered. ‘There was a clear relation between the child's mastery of 
the material and the degree of competition displayed. At the same 
time there appeared that progression from functional behavior to 
social relationship and finally to an interest in the work itself which 
has been seen repeatedly in experiments at the Kindertibernahmastelle. 

(a) The firat stage, Here no competition could be seen. This phase includes 
children from the age of 2 to 3 yr., showing at 3 yr. some progression toward the 
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nex; phase. Children of this age-group made vague and undirected movements 
with the material. They were in the stage of manipulation or mere ‘functioning.’ 
Of these children 54.5% did not understand the question, did not grab stones, 
and did not make either positive or negative remarks about their own work. 
When they did understand, or appeared to understand, the question, in practically 
100% of the cases the answer was, ‘Mine is prettier,” without weighing or judging 
the matter. As the child of this age has no feeling for work, so likewise is the 
quality of work poor; and competition is lacking. 

It is altogether probable that with other material the child would exhibit 
competition at an earlier age, but it would need to be material which he had already 
conquered. For with each new material, be must conquer the steps anew. Until 
he has conquered the material, he cannot be said to work with it; and until he 
works with the material, the desire to excel in the use of this material does not 
exist. But of course mastery of the material is not sufficient. He must grasp at 
the same time the idea of mastery and the idea of excelling. He must know what 
it means to do better than someone else. 

We do not intend to convey the idea thet usas is absent in those cases 
in which the competitive impulse is not yet developed. In fact, in the very small- 
est children there was evidenced at times some indication of pugnacity. But we 
mean that the competitive impulse does not always exist contemporancously 
with and as & concomitant of pugnacity. 


(b) The second stage. The second phase of development in the competitive 
situation is one in which the child appears to be interested in discovering the other 
child. Until this time he has been busy discovering himself, developing his own 
powers through manipülating the material. As he completes this phase one of 
two things might happen. Either he might become especially interested in the 
blocks as building material, or he might become especially aware of the other 
child in the situation. What does happen is this: his powers are constantly de- 
veloping in regard to the building, but his marked $nierests are in the social situa- 
tion, in the cther child. Once again, he appears to follow the already accepted 
path of psychological development: first, gelf-funccxioning, then the human contact. 


This does not mean at all that his skill in the use of the material has not increased, 


nor his understanding improved; and with both, naturally, some increase in the 
competitive impulse has appeared. All these go or: at the same time. Yet we can 
say that the child from 3 to 4 yrs. of age is one whose interests lean very much to 
the social side of the problem. 
-~ An examination of the protocols and an assembling of the tables reveals a 
clear composite picture of the child of this exe. It is presented here in Fig. 4. 
During the second stage, the child's interest in the blocks is slight compared 
with his interest in the other child or in the social stsuation. This does not mean 
that he pays leas attention to his building than the ycunger child does, but that he 
gives more attention to other people in the room and to the other child. In this 
stage he does not, for example, begin to grap stones. He simply uses what is at 
hand. The younger child does not grab, either; neither one sees the situation yet 
"as a competitive one, and neither feels the need to take stones beyond those which 
lie close at hand. The younger child makes no remarks about the other child at all. 
But the child of about 3 yrs. of age begins to talk about the other child. The num- 
ber of negative remarks increases at first, drops again when the child reaches 4 yr., 
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and is not very great even when the child reaches 5 and has already become 
definitely aware of theproblem. All of which seems to indicate a positive feeling 
toward the other child. 

This is a child who has arrived at a point where he is more interested in the 
other child than in the materiel or in building. It may well be said that the other 
child is, after all, an integral part of the situation, and that a strong interest in him 
may be the first indication of the competitive aspect of the situation. Our answer 
is that the 3-yr-old's attitude may be best described as mere ‘awareness’ of the 
social contact. 

(c) The third stage. In the third stage the child becomes conscious of the 
material as stuff for work: he understands the problem in hand, and arrives at a 
fulfillment of the competitive impulse. Now at this age, 4-6 yr., the child no 
longer sits and plays with the material, nor does he spend so much time in doing 
nothing. Instead, he attacks the material at once, as building-stones, and begins 
to work. From 52 to 90% of the children from 4 to 6 yr. of age attack the problem 
without hesitation. They display their interest in many ways. They begin to 
grab stones. The percentage of children who give attention rises sharply. The. 
child makes negative, but no positive remarks about the other child, being more 
interested in what he makes than in the social relationship to the other child. 
The positive remarks about his own work rise rapidly, from 10% to 30%. Heno 
longer answers “mine” to the cuestion, “Which is prettier?", but seems instead to 
deliberate. 

In other words this attentive, block-grabbing, negative-remark-making, but 
spontaneous child displays competition. These are the children who quarrel with 
each other over stones. They simply kave to excel. These children also exhibit, 
at times, a patient and yet intense effort to improve their own building, sometimes 
trying over and over again to improve the construction. There were many in- 
stances of this type of effort, of which only a few can be presented. ; 

Boy, R.B., age 60. Very eager to build. Says, “I will build a house." Piles 
stones in a corner. Does not look rat C, at all. Sighs, "Yes, what I am making is 


just need to work a little longer. ” “Grabs man ere Nu on 
wor dada E. other child has finished. Says, ''À church." ki 


Good evidence of the child's interest in the building itself is the way the child 
in this phase handles the materials. He groups them, putting those of a like shape 
together, or matches them for size. The following protocol shows this quality of 
work I: clearly: 

7, F. J., ago 6'0. Begins at once to work. Pushes some stones towards him- 
e anc d goie them into a pattern. Seeks definite stones. Says, “That is a 


lds up a stone. ‘This one is .' Holds up he stone and 
measures it e other; “No, this one is l' Very attentive to his 
work. Asks E for certain stones that he lacks. Goes on building. 


The child in this stage is master of the material and struggles to surpass his 
partner. He tries diligently to excel, and even when he does not succeed, he does 
not yield to defeat. Consider the case of this boy who was building to see whose 
would be bigger. When he finished, the other’s work was so much bigger that he 
had to admit it, but could not forbear adding, "But I ean build bigger, too!” 

(d) The fourth stage. A still more developed. phase in competition when ' 
building with blocks appears to exist. The somewhat older child recognizes even 
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more clearly the meaning of the situation, and his desire to excel becomes tempered 


by his ability to judge his own work. I found at this stage a very interesting 


example of a girl who, immediately recognizing her inferiority in building, ap- 
parently lost interest, and would not build. But she understood the problem 
and the competitive situation. She showed it by rather outspoken remarks and 
by saying whatever good of herself she could find to say. 


Principle 2. The second contention in the analysis of the factors 
causing variations in the display of competition is that competition 
seems to be & human inclination which is nurtured and directed by 
education. Hurlock has shown that children do better either after 
reproof or praise than after mere repetition; reproof and praise are, 
of course, implied in the educational method.’ The results of the 
present experiments corroborate Hurlock. Instead of either praise 
or reproof, however, E injected the element of suggestion by present- 
ing a task, an ‘assignment’ at the second attempt at building. The 
first time the two children built, they simply worked or played at 
random. After they had finished, they were asked whose was prettier, 
and then were permitted to build again. The mere asking of that 
question, Whose is prettier?” is an incentive to a sensitive child. 
But to increase the effect, at the second building E said to the chil- 
dren, “Let us see who can build better," or “Would you like to see 
who can build better?” E saw a really appreciable increase in inter- 
est, in spontaneity, in energy, and, of course, in competition. Wa 
present in Figs. 5-6, the graphs of some of the essential criteria in 
establishing the presence of competition. In each case the curve 
representing the first building is to be compared with the curve 
representing the building after the assignment was given. 

If the first contention, that the display of the competitive impulse is correlated 
positively with the command of the material, is true, then it follows that education 


in the ‘use of certain material.would increase the likelihood of the competitive 
impulse in the situation. With increased technical skill comes increased competi- 


‘tion. There were a number of cases where each succeeding experiment showed 


such a marked increase in the competitive impulse that E permitted the childran 
to try many times. Perhaps the reader can gather something of the tenseness, 
the speed, the competition in the air, the feeling that came so impressively to E. 
Note especially the kind of personal remarks made, the grabbing and hiding of 
stones, the increase of muscular tension, and the final out-and-out quarreling. 


Girl, H., age, 4°8; boy, K. , 4°10. No assignment given by E. H.b 
to build at once. Held up some ig stones and said “I have two big stones. "K 


immediately said, “I have three.” 
H. talked while building. Said, “Here is my bed; a big bed." Handled stones 


carefully. 
Hurlock, op. cit. 
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E said to K., “That’s too high, it will falL” K. worked without rears H., 
however, continued the conversazion, "But mine isn’t too high." ‘Later I'll make 
a bed.” She seems to be building a fish-bath, for she said, “Here is the water and 
little fishes in it." To E she said, “Look here!" 

E asked, “Are you through?" H. replied, “No, I'll be through in a minute." 
K. did not reply until E said to him, “And you?", when he simply said, “No.” 

When the building was finished, the children were asked which is prettier. 
Each considered his own the prettier. . 

Same children, same day. i 

K.gsid to both, “T'd like to gee who can build the bigger" Both were to 

build. H. said to E, “Look at what I’ve built.” K. watched H. K. grabbed a 


stone, and said "This belongs to me!" K. took a pretty stone, but gave another. 
H. a A not through yet." Sang, "Look here! look here! I'm building some- 
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K. handled stones very carefully. Put. stones in his lap when rebuilding or + 


improving. E 
H. said to'& stone, “Youl You must stay there;" and, to K., “Get away, you 
take too much.". K., however, did not protest. - 

E asked “Which is bigger?" H. sai SD A ‘Mine is bigger;” and K. said 
“No, mine is bigger and EA er.” EsaidtoH isn’t K.’s Page P: amiled — 


bigger.” She pointed to-a a in her ANE AGE: and Baid, ' ^um 2 (Ks 
construction was much larger.) i 


Same children, later in the sume day. 


E said, ‘T’d like to see once more who can build eee " K. repked à, “Wider,” 
and H., NT ow Pll build wider, he will not." Both worked eagerly. K ap 
to study the prona carefully. Arranged and rearranged the stones to e the 
pui eee Took many stones and put them in his lap. Looked up and 
at 


H. didn’t talk much; once, however, when some stones fell, she said to the 
stones, “You! Youl” 

E asked K., “Are you an K. replied “Yes.” (His stones were used 
up.) He took another stone from 

E asked, “Which is bi t. E building much inter ) H. said, “Mine is | 
bigger." K. said, “No! 


The experiment was répeated a. ue time. 


H. took a p iu K., he Tough. Y Mag her and took some of T stones. They 

uarrelled. H. to herself th built rapidly and with tense musoles. 

'8 building was enue larger, yet each each child considered his own the bigger. 

The way E puts’ thé question is also of some importance. Probably.the degree 
of the competitive impulse can be intensified by the behavior of the educator or 
person, who has to deal with the child. Because no data were to be taken on this 
point, E made a decided effort not to inject her personality into the giving of the 
assignment. She always presented the questions in a cool and unimpasaioned 
manner. But there were a few oceasions when, through interest in the process, 
there alipped into those impartial questions a heartiness or an eagerness to which 
the child immediately responded. Sometimes two children who had been really 
apathetic during the first building showed a much more competitive attitude if E 
said with a rising infléction and interested smile, ““Wouldn’t you like to try again?” 
This was not a part of the planned experiment, but was too evident and interesting 
to be allowed to pass unmentioned. 

Te mieh scc Dist df ous could know die deena at the iba rbd b ths 
material and the degree of his understanding of the problem, and also the training 
he had had in the specific building situation, one could predict the amount and : 
kind of competitive impulse he would display. But here enters the last and most 
subtle of the factors affecting the display of competition. The competitive im- 
pulse is not only a variable related to chronological and physiological factors, and 
to education in the matter in hand, but is also quite dependent on individual 
differences, the causes of which constitute the crux of the situation. - 

.Here are two girls who have been put into the same situation. They are the 
same ‘age; they have reached the same psychological development; they both 
understand the problem. and build about equally well. Yet one child exhibits a 
marked competitive impulse, and the other very little.. They have been given an 
assignment to see who could build'larger. They are not building iog&her; each is 
building with another ehild. a sre ue neatly constant as can be ob- 
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tained; same time of day, same month. Both families are in poor financial con- 
dition, but both children seem well and normal. 
Girl, B.W., age 4'6. E says, “Let's see who can build bigger." ‘B.W.. looks 


around the room, Builds, but with great 1 uncertainty. Sighs Sighs as she builds, Con- 
_ tinues in this way. When asked, ‘ ig larger?’’ she is undecided. 


Compare this with the tenseness and evident eagerness to excel shown by H., 
just reported. B.W. is rather interested, but passive and unemotional in her 
response. She fulfills none of the criteria of the competition profile. H. is inter- 
ested instantly and shows a clearly marked competitive impulse. She is eager, 
talks positively about herself, grabs stones, makes characteristic movements such 
Bs talking to the stones, makes negative remarks about the other child. She 
considers her own building bigger, even though that of the competing child is 
- twice as largo. 

This variation in the competitive impulse can be seen at a much earlier age. 
Both of the children in the next comparision are 34 yr. old, and neither one has 
reached & fully developed competitive stage, but clearly one tends very muah 
more in that direction than the other. 

' Boy, H., age ago a6. Z “I would like to see who can build better. Can you 
build a train? “Ohl os!” Rings, ‘Train! Train! Train!’ Makes a noise 
Hkc stean. Stands up to build. Movemente become sharper, more eager. Bays, 
^I am building’a locomotive.” Fumbles somewhat with the stones, but 
building. Other child Ms this fumbling says, “Can’t you even build?” H. 
very curtil Yee?” dE Comes to side of E. Stands by her aide. 
E esks, ‘ tis that? es “A train.” Adds another stick then says, “So! 
now I have a window; I must build a little Ta e to E, “Isw’t mine 

7" Nings: "A train, an train" KE: “ u finished yet?" 
Answer: “No, will stand and build. i E asks both children, is prettier?” 
Other child answers, “Mine.” H. says quickly, “No, mine. 

In the construction of this 34-yr.-old boy there was something to’ be seen, 
but the result was not in proportion to the certainty and assurance of this little 
fellow that he was making “an expresa train.” 

Girl, R., 3°6. E says, ‘Who can build the nicest train?” R. looks about. 
Seems somew tuncertain, Glances at B. (her partner) to see what he ia 

ietly trying to build but not with great succesa. Other child invites 

ear n o She on building on the table. When finished, both 

saked to stand b end to look carefully at each other's constructions. 

amer is put to R. first, ' is prettier?” She smiles shyly at E and points 
to her own. 

There is a decided difference in tone between the attitudes of these two children. .': 
H. is perhaps not much more advanced than R. in constructive ability, but his 
whole attitude is very unlike hera. He is determined and aggressive. He builds 
aud rebuilds. He looks at no one, gives his construction a name and builds 
straight toward an end. He makes positive remarks about his own work. The 
girl, R., is uncertain; she glances at the other child to watch and copy. She tries 
nothing new, such as the floor as a place whereon to build, even though it is sug- 
gested to her. The boy is experiencing the first phases of the competitive feeling. 
He wants to make his work as fine as he can. The girl is not quite oriented in the 
idea of excelling. The. cases illustrating this point are numerous. Here is a girl of 
6'2 yr., who is capable and interested and yet exhibita no competitive signs at all, 
and another girl of 6'9 yr. who exhibits competition to a most marked degree, eto. 
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Bühler includes a discussion of types of chidren in her study on “Despotism 

.and Rivalry." Even in the case of babies she differentiates between the behavior 
of those she terms the despots and of those who are passive and receptive. She 
mentions a third typa who bend everything before them through their activity. 
A child of this type overcomes children both older and younger through the very 
intensity of his far-reaching activity. 

It is somewhat difficult in so complex a situation to say spears what causes 
these variations in temperament. It seems, to E at least, that one must at the 
outset realize that the conditions prevailing at the time play a tremendous róle 
in what may appear as ‘type’ conduct. Such & case.is C., who apparently had no 
interest in building, and certainly evidenced no competitive spirit. This child's : 
apathy is certainly better understood if the fact be reported that ro min. later she 
came and threw herself into E's arms sobbing out her lonesomeness. Her apathy 
was not apathy. It was grief. The disinterested child may not be disinterested; 
perhaps he is hungry or tired, or misses his mother, or is new to the Institution. 
Maybe he wants to go out in the garden. There are a thousand possibilities. 

Yet despite all that, after observing daily for months the behavior of these 
children as they build together (and the frequency of the observation lessens the 
importance of chance factors) the observer can report a difference in the individual 
temperaments of the children. Some:children have a strong desire to excel, a 
desire that manifests itself by stealing, hiding, making nasty remarks, getting 
“hot and bothered” when competing. Other children have a desire to excel but 
manifest it differently. These children simply give their attention to the blocks. 
They build and rebuild. They make some remarks, but neither so many nor so 
disagreeable as the first group. They take many stones, but they do not rush so 
fast in their grabbing, and they often ask before they take. A third type is not 
competitive at all Sometimes we can offer no explanation except in terms of the 
child's general disposition. 

; Thee types mar be horeto aian dai or they may be honali 
of social conditioning. The differences to be observed in children of 2-yr. of age 
(or, of course, older) are, in our opinion, the results of both. One has only to 
watch babies in their cribs, and certainly children at play, to recognize variation 
in temperament. But with some degree of certainty we can state that the tendency 

‘to compete can be developed in & child; that it did grow in some children as we 
observed them perform their building a repeated number of times. 


SUMMARY 
By M we mean that effort manifested by & child when 
he is influenced by the ‘desire to excel.’ 
The criteria for the presence of the competitive impulse are: 

(A) An understanding of the problem, determined by (i) the way 
the material was attacked; (2) the use made of the material; 
and (3) the answer given to the E's question. 

(B) The interest shown in the problem, judged by: 

(1) Attention during building, which in turn was measured by 
(a) lessened disturbance by outside influence; and e» con- 
sistency in building. 
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(2) Physical signs. of interest, e.g. (a) tensity of muscles; 
(b) increased speed; and (c) unusual or characteristic: 

(3) Remarks showing interest. (a) Positive or negative re- 
marks about other child;, and (b) positive or negative re- 
marks about own work. 


. (4) Technique in building. (a) Building and rebuilding; 


(b) grouping of stones; (c) evident desire to go on con- 
structing even after other child is finished. 
A competitive attitude toward the other child, viz. (1) watching 
or copying; (2) grabbing or stealing stones from. other child; 
(3) offer of help or of stones; (4) disagreeable or critical re- 
marks; (5) gestures of quarreling. 


The results of the study reveal: 


(A; 


(B) 


(C) 


(D) 


Competition in building with blocks is not found in children of 
all ages, nor in all children of any one age. 


There appear to be 4 fundamental factors affecting the display 
of competition in building with blocks: (x) the degree of the 
child’s understanding of the idea of excelling; (2) the degree of 
the child’s ability to dominate the material; (3) the educational. 
factors in the situation; and (4) the individual temperament as 
& competitive factor. . 


The growth of the competitive impulse in the use of building 
stones seams to follow & well defined and orderly course, as 
follows: (x) no eompetition; the child discovers himself in rela- 
tion to the material &nd is interested in functioning with that 
material (age-group 2-3 yr.); (2) some competition; a little 
better understanding of the idea of excelling; child “discovers” 
the other child, and although his constructive ability increases 
he is more interested in the social relationship than in the 
competitive situation (age-group 3-4 yr.); (3) competition; the 
child discovers the work and manifests his desire to excel (age- 
group 4-6 yr); and (4) competition: with increased critical 
judgment (age-group 6-7 yr.). 

In the use of building stones no competition was seen at all in 
children of two years of age. At least 90% of 6-yr.-olds have it 
well developed. Tt can be said to E its appearance usually 
at about the age of 4 yr. 


THE RELATION OF MAZE ADAPTABILITY, MAZE LEARN- 
ING, AND GENERAL INTELLIGENCE 


By Ricnanp» S. Seater, dive University of Pennsylvania 


The general purpose of this investigation was to study a number 
of factors related to maze learning. In particular, it was concerned 
with two problems: (1) the relation of general intelligence to ability 
in solving a maze problem and in maze learning; and (2) the relation 
of the ability to solve a maze problem to the ability to learn a maze 
problem. 

This investigation differs from previous studies in its emphasis on 
the relation of adaptive capacity to maze learning. It attempts to 
obtain a measure of motor adaptive capacity as well as of motor. 
learning in the same task. 

Following earlier studies, a general intelligence test is used as one 
expression of adaptive capacity. But, in addition, another expression 
of adaptability is obtained, in a series of five maze popes through 
the use of the Miles Duplicate Maze. 


Historica, RgvigsWw 


In two independent studies, the coefficients of correlation between maze 
learning ability and general intelligence range from --0.30 to —0.45.! Another 
study has approached the problem of general adaptive capacity in maze learning 
by a comparative analysis-of the performance of children and adults. In this 
investigation the conclusion is reached that extreme degrees of intelligence may 
be handicaps in maze learning.® 

A study ‘of the relation between intelligence and the ability i solve maze 
problems is reported by Cox.* The Miles Duplicate Maze is presented in a 
series of frve problems of varying difficulty. This situation is not one essentially - 
involving learning; but rather an attempt to measure the intelligence factors 


*Accepted for publication November 18, 1931. 

' From the Psychological end of the University of chee eise 
The writer wishes to acknowled go Ie ebtedness to Professor Edwin B. Twit- 
myer orria iteles, an EO u ernberger, an ean 
et Dr. M S. Vitel Prof Samuel W. F d to D 

les R. Turner, of the School of. Dentistry. 

*W. S. Hunter, Correlation studies with the maze in rate and humans, Comp. 
Psychol. Monog., 1, 1922. (no. 1), 37-56; C. J. Warden, Relative economy of 
various modes m attack in the mastery of a stylus maze, J. Exper. Psychol., 


7, 192 0-27 
iM: C. Ga Gould and F. A. C. Perrin, A comparison of factors involved in the 
maze learning of human adults and children, J. Exper. Psychol., 1, 1916, 122-1 
‘©. M. Cox, The intelligence factor in the solution of noi problems wi 
the two-story EARS this JOURNAL, 40, 1928, 542-561. 
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involved in the solution of a relatively new maze problem. The correlations 
obtained in this earlier study between performance time and the Thorndike College 
Entrance Test are given in Table I in the report of the present investigation. 
A qualitative analysis has also been made of intelligence factors involved in 
these maze problems. Cox suggests that the Miles Duplicate Mase may serve 
as a valuable performance test of intelligence, if properly standardized. 

A number of investigations on th» maze indicate the presence of such factors 
as distractability, temperament, general emotional tone, fatigue, methods of 
attack, interpretation of pro»lem, which complicate the learning process. Bor- 
ing, in a study of maze learning with dementia precox subjecta, found it advisable 
to use a paper maze as a preliminary device in order to create a proper attitude 
and to familiarize the subject with the general nature of the task. Warden, in 
work with the white rat an the problem box,” compared a preliminary adjustment 
period of 7 initial exploratory trials or standard feeding periods for one group 
with 7 regular trials of a control group in learning. The resulta indicate that a 
period of random activity at the beginning in learning serves to eliminate emo- 
tional disturbance, hastens formation of habit pattern, and reduces the total 
learning time 60%. Methods of extraneous control in learning acts of motor 
skill are reviewed by Carr. The paper is especially concerned with an evaluation 
of various iorms of ‘tuition’ (guidarce, directions, information, attitude, eto.) 
and incentive as they are related to the learning process in the maze situation. 
. Perrin also considers various techniquas and methods of presentation in learning 
the stylus maze.* 

METHOD 


Apparatus. The apparatus, the Miles Two-Story Duplicate Maze, consists 
of two identical maze patterns, one mounted directly above the other on a 
wooden box with two open sides. A black cloth fastened to the top platform 
falls over the open side parallel with £’s body, and covers the arm and hand on 
the bottom maze.: The opposite open s:de gives E a full view of the bottom maze. 

A small key-piece, an exact replica of the center of the maze, is attached to 
the top platform and serves as an index to the position of the bottom maze. 
The lower mage is mounted on a large rotating disk and can' be turned to any 
desired position in reference to the stationary upper maze. 

The task involves the movement af a stylus through a visible top pattern, 
while at the same time another stylus (with a rubber disk to eliminate contact ` 
with the maze) is mbved through the screened bottom pattern. The path traced 
through the lower maze is recorded on a sheet of paper placed under the pattern.!? 


‘Gould and Perrin, op. cit., 122-154; also Perrin, An experimental and intro- 
spective study of the human learning process in the maze, Psychol. Monog., 16, 
I914 (no. 70), 36 ff.; Hunter, op. cti., 50-52. 

*E. G. Boring, Learning in dementia precox, Psychol. Monog., 15, 1913 


(rio. 63), 51-55. a E 
"C. J. Warden, The value of the preliminary period of feeding in the problem 
box, J. Comp. Psychol, 5, 1925, 365-372. 

‘Harvey Carr, Teaching and | , Ped. Sem., 37, 1930, 189-218. 

‘Perrin, op. cH., 36 ff. 

The top maze waa mounted on gless, thus eliminating a scratched surface 
which woul obey bereme a disturbing variable. The large disk for the 
bottom maze had to be set with extre screws around the edge and a special 
fastener in order to make it more rigid and secure. Four extra studs were also 
attached to the disk in order to hold the bottom maze more rigidly. 
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The arrangement of the two mazes and the use of two hands in operation 
has the advantage of presenting a problem involving the visual, tactile and kin- 
aesthetic senses. This has been classed by Miles as a motor task with maximum 
indirect visual guidance." The use of cues from one hand to the other, in addition 
to visual, tactile, and kinaesthetic senses, possibly make the guidance element 
more complex. 

. Procedure. The maze task is divided into two parts. The first part is referred 
to as an ‘adaptability’ task. The Ss are required to trace through 5 succeesive 
positions of the maze as quickly as possible. These problems of varying difficulty 
are obtained by rotating the bottom maze to the following angles in a counter- 
clockwise direction—o°, 180°, 90°, 180? reverse, and 90? reverse. The last two 
problems are mirror reversals of the 180° and 90? positions. In presenting the 
5 positions of the maze, an attempt is made to test the various abilities and 
traits that may be evoked in adaptation to the Miles Duplicate Maze situation. 
In general, the instructions and procedure for the adaptability task follow that 
of the previous investigators." 

After the adaptability task, there is an approximate 5-min. rest interval. 
In the second part of this experiment one of the above problems (180? reverse 
position) is given as & ‘learning’ task. Standard instructions and procedure for 
the learning tagk were developed by the present investigator. 

The test score in ‘adaptability’ is based on the time taken, in one presentation 

' of each problem, to trace from the center through to the last exit of the maze. 
An adaptability problem not solved in 900 sec. was recorded as a fajlure. In 
‘learning’ the number of triala and the time per trial were recorded. The learning 
task is finished when two successive trials are made without any retraces and 
entrances into blind pathways. A detailed record was kept on a standard mimeo- 
graphed form of the quantitative and qualitative aspects of the performance. 

General intelligence. The Psychological Examination (for High School 
Graduates and College Freshmen), American Council on Education, was ‘used. 
It was administered, before any maze testa were given, as a group examination. 

Subjects. The Main Group of Ss for this investigation includes 89 men, 
students in the Dental School, University of Pennsylvania. All were in the 
second year class. They had also completed 2 years of a college pre-dental 
course. A number of them are college graduates and several have pursued 
graduate and specialized courses. They averaged about 224 years old and 
ranged from 20 to 28 years in age. 

A second group of Ss, 11 in number and hereafter referred to as the Experi- 
mental Group, was used in one part of this experiment. This group has a median 
age of 20 with arange of 17 to 27 years. It consists of 9 men in the undergraduate 
schools, an instructor, and a college graduate. 


RESULTS 
(1) Maze adaptability, general intelligence, and chronological age. An 
examination of Table I, for the Main Group, indicates that the two 
. BW. R. Miles, The two-story duplicate maze, J. Exper. Psychol., 10, 1927, 


305,207; 

M. Cox, op. cit., this TOUGNAD 543-545; rar éd behavior in solving 
a series of maze problems of varying dittonliy J. Ezper. Psychol, 11, 1928 
'203-206; Miles, op. ct., 371-374. . 
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separate total maze adaptability time-scores and the gross time- 
scores for each problem correlate insignificantly with intelligence 
test scores, 

: TABLE I 
CORRELATION OF THE lwrELLIGENCE Teer WITH Tan Towm-Scorms IN THE 


Various Maze PROBLEMS, AND COMPARISON OF THE RESULTS FOR THE 
Main Groce or Ss wirn Cox's ResurTs 


Problem l 
o? 180° go? 180°R gR 
Main Group —,.18:-.07 —.I84.08 —.o4+.08 —.19+.07 +.34-b.07 
Cox's Results — —.264-.06  —.59--.05  —.40-5..07 —.II+.09  —.09--.09 
Total Score 
Gross Weighted . AV. 
Main Group +.042.09 +.03-b.09 
Cox’s Resulta —.39-b.09 
| TABLE II 


COMPARISON oF TorAL Gross 'Tr«g-ScoRE in THE Fast Four PROBLEMS WiTH 
THe Gross TIME-SCORB IN THE 90° REVERSE PROBLEM FOR GROUPS CLASS- 
IFIED IN Turaps BASED on INTELLIGENCE TEST Scorn 


(70 Ss, the odd S was grouped in the middle third) 


First four problems 90° R problem 

Upper Middle Lower Upper Middle Lower 

Average 726.5 1077.9 949.0 410.8 364.6 242.4 

Median 585.0 I047.0 882.0 . 333.0. 401.0 197.0 

75% scare 426.0 579.0 465.0 185.0 I9I.O I2I.0 

25% score 1056.0 1344.0 1206.0 .608.0 504.0 322.0 
Quartile 

deviation 315.0 382.5 370.0 211.5 156.5 IOI.5 

Range 342-1290 311-2200 242-2670 97-862 64-806 75-796 


The correlation of intelligence test score with performance time 
on the go? reverse problem deserves closer examination. Table IT 
shows that the upper third of intelligence has spent leas average time 
than the middle and lower thirds on the first four adaptability prob- 
lems. But in the last problem (go? reverse position) in which only 


314 total adaptability score was obtained in two ways. (1) The time scores 
for each individual on the 5 problems were simply added together. (2) Another 
total score was obtained by finding the ratio of the S.D. for each problem to: 
the S.D. of the o? problem. The raw score of each problem was then multiplied 
by its bearer ye ratio. All the problems are, therefore, given a relatively equal 
value in the total-score. These weighted scores added together yield the total 
weighted Bcore. . The ey of this methoc was ascertained by correlating the 
total weighted scores with their respective grogs scores for the 55 Ss successful 
in all adaptability problems. This gave a carrelation of +0.94, P.E. o.or. The 
totsl scores are referred to respectively as tha gross score and the weighted score. 
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70 Ss were successful, the average time score is higher for the upper 
third of intelligence and lower for the middle and lower thirds. The 
more time used in tracing the maze in the four positions preceding - 
the 9o? reverse problem may possibly lead to greater familiarity with 
the maze pattern im general; and consequently influences the per- 
formance time on the last adaptability problem.“ | 

. Intelligence test scores may be compared in another way with 
maze adaptability performance. The number of failures in each 
maze adaptability problem is tabulated, in Table III, for the intelli- 
gence test quartiles. One fact stands out clearly in this comparison. 
The highest quartile of intelligence has decidedly less failures in all 
maze adaptability problems. | 


TABLE III 


NUMBER or FArnungsS IN Mazm ADAPTABILITY COMPARED WITH 
QUARTILES OF ÍINTELLIGENOR TEST ; 


` (89 Ss, the odd S was grouped in the Third Quartile) 


Quartile Rank in Intelligence Test: : 

Problem ` Lowest Second Third Highest Total 
o? o - 4 0 o o 
180? 4 2 2 I o`: 5 
go°: 7 8 10 I 26 
180° R I 2 I o 4 
90° R 6 5 . 6 2 I9 
Total 16 17 18 3 54 


The resulta on the relation of general intelligence to maze adapt- 
ability do not, in general, agree with Cox's.5 The following facts 
may be of significance in this connection. The Main Group of Ss 
was selected as to intelligence. In maze adaptability, this group is 
superior in performance to 2 other groups (see Table IV)." 


“Perrin, op. cit., 36 ff. After learning a maze pattern, a change in the position 
of the maze or & placement of the stylus in various parts of the maze gave little 
difficulty. The Ss were able to adjust to the changes readily, showed signs of 
familiarity with the paths and the general pattern, and the speed of tracing 
through the pattern closely approximated, in a short time, the speed for the 

iginally learned maze position. l 

Cox, op. ch., this JOURNAL, 542-546; also op. cit., J. Exper, Psychol., 206-208. 

. PL. L. Thurstone and T. G. Thurstone, The 1929 psychological examination, 
Educ. Record, d 30, 107-108. B ses ine general cat test EE an 
are. compared wi e larger mixed group of 34,507 cases from 131 eges, 
cited in the above reference, the average and mel scores of our Ss rank above 
the pth percentile. 

. "Influence of training appears most important as a possible explanation for 
any significance that may be attached to the above facte. The Ss in the Main 
Group have had special training, to a very great extent, in tasks involving & 
variety of motor skills . They have also been trained to explore and to make 
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TABLE IV 
SiegNiFicant MagasuRES Basep on SuccxssruL Cases: COMPARISON OF THE 
Rasvuits OF TRE MarN GROUP, THE EXPERIMENTAL GROUP, . 
AND COX'S Group 


l Main Group - 

Froblem . No. Ay. Median 8.D. Range 
o? 89 67.0 55.8 41.0 — 20-217 
180° 84 217.1 150.0 180.6 33-876 
90^ 63 420.7 , 336.0 264.4 56-895 
180° R 85 166.4 ' I20.0 | 136.8 36-698 
90? R 70 341.2 300.0 —— 212.4 64-862 

Gross total score 55 1054.5 ^ II00.0 416.7 317-1987 

Experimental Group Cox's Group* 

Problem No. AY. Median Range Av. §8.D. 
o? II. 5I.I 54.0 21—105 96 92 
180° + . . 10 337:2 274.0 95-584 361 II 
90" 7 596.0 545.0 290-871 463 257 
180° R ' IO 284.2 179.0 42—829 217 179 
90° R 7 . 559.I 561.0 149-850 432 298 


Gross total score 6 1720.3 1377.0 1202-2227 — _— 
*Consists of 67 college students, 39 men and 28 women. 


There is, as is shown in Table V, & low correlation between chrono- 
logical age and maze adaptability. It reveals a tendency for a lower 
(better) time score to be associated with a higher chronological age, and 
vice versa. A consideration of Table L combined with the results in 
Table V suggests that the degree of success in maze adaptability is 
favored by a low chronological age and that intelligence is negligible. 

A further analysis of the relation of intelligence and chronological 
_ age to maze adaptability is found in the comparison of successful and 


TABLE V 
CORRELATION OF CHRONOLOGICAL Acs WITH Toran Mags ADAPTABILITY SCORE 
FOR CASES Succmssrun IN Aut FIVE PROBLEMS 


r P.E.» 
Total gross time score.............. — .25 .08 
Total weighted time score.......... —.25 + .09 


delicately controlled movements in unseen or limited visual fields with the use 
of a mirror for work in teeth cavities. However, the available data do not 
warrant an assumption that any specific transfer or even transfer of 
attitudes has directly influenced the results of this group. Correlations of the 
total weighted adaptability time-score with 8 criteria of technical abilty in 
Dental courses range from —0.25, P.E. 0.09 to —0.37, P.E. 0.08. : 
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failure groups (failure in one or more problems). Success as con- 

trasted with failure in maze adaptability appears to be favored by a 

low chronological age and a high intelligence test score (see Table VI). 
TABLE VI | 

COMPARISON OF THE INTELLIGENCE Test Scorn AND CHRONOLOGICAL AGE OF 


THE 55 Ss wHO SUCCEEDED IN THE ADAPTABILITY PROBLEMS WITH THE 
34 Ss WHO Farmp 


General intelligence Chronological age 
(in points scored) . (in months) 
Failed Succeeded Failed Succeeded 
Average 181.8 193.3 277.7 269.4 
Median 182.9 193.3 271.3 267.3 
8.D. : 44.8 57.2 19.0 17.7 
. Range 75-268 $7-299 244-338 2397317 
D/c diff. ' +1.06 --2.05 


' (2) Maze learning, maze adaptability, general intelligence, and 
chronological age. 'The data that follow present an analysis of the 
relation between the ability to solve a maze problem and the ability 
to learn a maze problem. In the literature, there appears no report 
of such a comparison of maze learning and maze adaptability with 
the Miles Two-Story Duplicate Maze or with any similar apparatus. 

The 180° reverse position was selected as a learning task following 
preliminary experimentation with the other four positions of the 
maze. The problem ranks second in difficulty based on average time 
score (Table IV). It correlates highest with all of the adaptability 
problems, with the exception of the oo? reverse position, as shown 
in Table VII.S l 
TABLE VI 


INTERCOREELATION OF Tme-ScoRrEsS on THR Frye PROBLEMS FOR 
tah MAIN GROUP 


Problem 0° 180° i go° 180° R 
180° ' +.3r +&.07 

go° +.18 =+:.08 + .22 +.08 

180° R +.45 d:.06 +.43 +.06 +.34 +.08 


90° R +.10 +.08 —.02 +.08 +.31 +.08 +.19 +.08 


1#The general trend. and magnitude of these intercorrelations agree v 
closely with previous findings by Cox, op. cit., this JOURNAL, SM W. T. 
Heron (Ability vs. chance in learning the stylus maze, Comp. Paychot. Monog., 
2, 1924. (no. 8), 14-17) b nul a simular magnitude of intercorrelations for time 
scores in five sligh erent maze problems that were completely learned. 
C. L. Hull (Aptitude Testing, 1928, 215) says, "While experimental reaults have 
failed to show any convincing evidence for distinct levels of abilities, it has 
revealed what may turn out to be a significant tendency or law, this is that highly 
complex intellectual activities correlate highly with each other, the less complex 
correlate to an intermediate degree, and the relatively simple motor activities 
correlate with each other only alightly." 
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The low correlations in Table VIII indicate a positive relation- 
ship between performance in maze adaptability and maze learning. 
Group comparisons appear more significant. 


TABLE VIII 
CORRELATION or TOTAL Trwg-BCORE IN ADAPTABILITY WITH TOTAL Tnm- 
CORE rx LBAANING 
(37 selected Sg). | 
i r P.E.: 
Total gross time-score............ 4.11 (+.24) II 
. Total weighted time-score....... ~ #.19 (+.25) II 


The total weighted adaptability scores for the select successful 
"group? are arranged in rank order and then divided into approxi- 
mately equal thirds. Comparisons of the maze-learning data are 
then made possible by distributing the learning scores under these 
three maze-adaptability sub-groups.” 


TABLE IX 


First Perynor Trur: Comparron or Tom AND N UMBER OF TRIAL FOR THE 
SeLscr SucoxssruL Group, Drviokp inro THIRDS on vum Basis OF 
Toray WEIGHTAD ADAPTABILITY SCORE 


(37 S8, odd S grouped in middle apo 


Time Trial 

Upper Middle Lower Upper Middle Lower 
Average 41.8 47.9 (49) 59.9 (58) Ir.5 11.5 (10) 16.5 (15) 
Median 37.0 47.0 (38) 34.0 6.0 7.0 14.0 
75% wore 15.0 21.0 24.0 ^ 2.0 5.0 4.0 
25% Bcore 51.0 49.0 67.0 17.0 IIO 23.0 
deviation 18.0 14.0 21.5 4.5 3.0 9.5 
Range 14-100 9-149 18-262 I-34 1-26 (24) 1-42 


This group of 37 cases has been cially isolated because all the Ss were 
in both adaptability (all 5 problems) and learning. Whatever relations 

are revealed between adaptability and learning should appear more clearly with 
be group, as the conditions of relative and complete evement were uniform 
or it. 

3n examining the various data on learning, the nature of the distribution : 
of the scores and the effect of removing 2 extreme cases may be considered. The 
total leerning times scores are m toward the lower EI of the distribution. 
Two extreme cases occur beyond the upper range of 3 S.D. These 2 cases fall 
in the middle and lower sub-groups based on total weighted adaptability score. 
When these 2 scores are eliminated the differentiation among the three sub- 
groups in Tables IX, X, XII, and XIU, becomes less distinct. But the indicated 
general trend ih the various comparisons persists. The manner in which the 
coafficients of correlation are affected by this change is shown in Tables VIII 
and XIV. Figures in parenthesis indicate the effect af removing the 2 extreme 
Cases. t 


| 
{ 
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The various factors in the learning data, in Table IX and X, are 
consistently differentiated by the above classification. The largest 
differences appear between the upper and lower sub-groups. | 


TABLE X 


Companion or Tota, Toum, Toran NUMBER or TRIALS, AND AVERAGE Timm FER 
, TRIAL FOR THE BxnLEoT BSuccegssrUL Group Divipnp INTO THIRDS ON 
THE Basis or Tota, WEIGHTED ÁDAPTABILITY SCORE 


(37 seleoted Ss, the odd S was grouped in the middle third) 


Total time Total trials Av. time per trigl 
Upper Middle Lower Upper Middle Lower Upper Middle Lower 
Average 831.6 | 1266.7 1816.6 19.2 23.4 32.5 50.2 66.9 79.8 
(970) — (1479) (26) (62) (81) 
Median 733.0 881.0 1425.0 18.0 12.0 24.0 49.0 64.0 61.0 
(822) (56) 
75% score 623.0 492.0 722.0 ILO 7.0 80 31.0 47.0 40.0 
25% score 1138.0 1181.0 1875.0 28.0 25.0 43.0 57.0 70.0 95.0 
deviation 257-5 344.5 576.5 8.5 9.0 17.5 13.0 ILS 27.5 
Range 251-1698 251-4831 370-5526 3-35 2-82 4-73 31-84 16-131 39-180 
(2481) (3208) (60) (119) 


In Table XI all of the cases successful in learning are divided into 
two groups based on performance in adaptability. The group with 
failures, in one or more adaptability problems, consumes not only 
longer time, necessarily, in adaptability, but also in learning. This 
agrees with Table XV, which shows that the failure group in learning 
was the poorer group in adaptability. Asin the preceding data, both 
Tables XI and XV reveal a positive relationship between performance 


in maze adaptability and in maze learning. 


TABLE XT 
COMPARISON OF Trm-Scorps IN LEARNING AND ADAPTABILITY 
Adaptability time Learning time 
Success in Failure in Success in Failure ir 
both adaptability both adaptability 

f (37 S8) (16 Ss) ` (37 S8) (16 Ss) 
Average I060.8 2099.1 1301.5 1457.8 
Median 1125.0 2182.0 9069.2 1168.0 
75% score 725.0 1637.0 575.0 763.0 
25% score 1300.0 2281.0 1400.0 ' I931.0 
Quartile deviation 287.5 322.0 AI2.5 583.0 
Range 1425-2803 237-5526 365-2895 


372-1987 
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The errors should give information, not revealed in trial and 
time scores, concerning the relation between maze adaptability and 
maze learning. In Table XII, the lower third when compared with 
the upper and middle thirds makes more errors in learning and 
eliminates errors more slowly as shown by the percentage of cases 
that complete learning by the 3sth trial? . 


TABLE XII 


COMPARISON OF THE SELECT SUCCESSFUL Guoup, DIVIDED INTO THIRDS ON THB 
Basis or TOTAL WaeiagrED ADAPTABILITY Scorn r 


(37 Sa, odd S was grouped in middle group) 


Thirds 
Upper Middle Lower 
Total no. errors 635 _ 676 (571) 978 (639) 
% successful by the 35th trial 100 80 (83.3) 58.3 (63.6) 


À. more direct presentation of the number of errors eliminated and 
the rate of error eliminaticn is revealed in Table XIII which shows 
(1) the total number of errors for every 5 trials, and (2) the ratio, 
in percentage; of the total number of er-ors in the first 5 trials to the 
total number of errors in every succeeding group of 5 trials. 


TABLE XIII 
Toray NuwsxR or ERRORS por Every 5 TRUS AND RATIO IN PERCENTAGE OF 
ERRORS In FEST 5 TO Errors IN SUCCEEDING Groups or 5 TRIALS, FOR THE 
Seumcr Succussrvt Grove Drvmep INTO THIRDS ON THE 
Basis or TOTAL WEIGETAD ÁpaPTASILITY Score 


(37 Ss, the odd S was grouped in the middle third) 


Upper third Middle third Lower third Entire group 
Total % Total y^ Total % Total 95 
Trials errors ratio errors ratio errors ratio errors ratio 
1-5 201 100.0 244 (224) 100.0 238 (170) 100.0 683 100.0 


6-10 I4I 70.2 I22 (110) 50.0 I85 (135) 77.7 448 65.4 
11-15 106 52.8  .87 (68) 35.7  152(92) 63.8 345 50.4 
16-20 98 48.8 78 (63) 32.0 135 (64) 52.5 301 44.0 
21-25 63 '3r.4 56 (40) 23.0  I117(71) 49.1 236 34.5 
26-30 22 I1.0 51 (37) 20.9 87 i59) 36.5 ^ 160 23.4 
31-38 4 2.0  38(29) 15.6 74 (48) 31.1 116 16.9 

uThe study of errors has been confined to entrance into blind pathways with 
the exception of one retrace error. This is an elbow turn leading from 6a true 

SE ore entering exit path 6. A diagram of this maze pattern is presented 


y Miles, op. cit., 371. 
"Orly 35 trials of the learning curve have been included, the range of trials 
is 2-82. "T d number of trials, however, are representative of ‘the complete learn- 
ing curve, since 78% of the group (29 out of 37 Ss) learned before or at the 35th 


te 
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The error curve for all sub-groups shows a sudden drop in the 


. first xo trials. This agrees with the fact that 34% of all the perfect 


tracings were made in the first 10 trials. The various comparisons 
indicate that the lower third, slowest in adaptability, makes most 
errors in learning; has most errors to eliminate; and eliminates errors 
at a slower rate. The middle third is superior to the upper third up 
to the 2sth trial. At this point the error curve drops suddenly for 
the upper third.” 

. The coefficients of correlation in Table XIV are low and statisti- 
cally unreliable. They signify only a possible trend of agreement 
between lower total learning time (better performance), higher in- 
telligence test score, and higher chronological age.* A similar ten- 
dency appeared with the data on maze adaptability. But intelligence 
appears slightly more significant in maze learning than in maze 
adaptability. 


L 


TABLE XIV 


CORRELATION or INTELLIGENCE TEgsr Scorn AND CHRONOLOGICAL AGE WITH 
Tota, Learning Tr«E-Scog& 


(37 selected Ss) l 
r P.E., 
Intelligence test gcore......... —.25(—.35) .10. 
Chronologieal................ —.18 (—.05) XII 


In Table XV, the successful and failure groups in learning are 
presented for comparison. The results in this table indicate that 


*The upper third actually completes learning at the 33rd trial; errors at the 
35th trial should be regarded as zero. 

ME, L. Thorndike (Adult Learning, 1928, 106, 155) says, ‘The general ten- 
dency from all our a node th is for an inferiority of about 15% as a result of 
20 years from 22 on. Learning re ting an approximation of sheer modifia- 
bility unaided by past learning shows considerably more inferiority than this. 
Actual learning of such things as adults commonly have to learn shows consid- 
erably less." lence, interest, caution, care, and organization are important 
factors possibly favoring older individuals. R. W. Husband (Certain age effects 
on maze performance, Ped. Sem., 37, 1930, 325-328) found that Ss 30 years of 
age were somewhat inferior in maze learning to those around 20, ially in a 
comparison of time scores. Gould and Perrin (op. cit., 122-154) discovered 
that adults whose average chronological age was 21 years when compared with 
children whose average age was 1I yr. 6 mo., in maze pause made better records 
in trials, time, errors, and distance traversed. B. H. Candee (The relationship 
of intelligence and age to efficiency in maze learning, cited in review of literature 
by S. Y. Liu, The relation of age to learning ability of the white rat, J. Comp. 
fg dag 8, 1928, 75) says, “The high school students made better records than 
did the children from the grades, while the college students were slightly superior 
to the high school students." 

*The number of cases varied in parts of the experiment. In ne 24 S8 
no Ded E preliminary experimentation, and consequently are not included in 

ese r 
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the failure group in learning spends more time in adaptability ; the 
learning period is decidedly longer in terms of trial and total time; 
intelligence test scores are lower; and age does not appear significant. 


TABLE XV 
COMPARISON OF THE RESULTS OF THE Groups THAT SUCCEEDED 
AND FAILMD IN LEARNING THE M AZB - 
Succeeded (53 S8) Failed (12 Ss) 
. . Av. Median Range Av. Median Range 
Learning time in sec. 1355.0 1042.0 237-5526 2281.1 2123.0 1098-4077 
No. trials "2 26.4 22.6 2-82 56.0 60.0  4-100* 
Adaptability time in sec. 1377.7 1300.0 372-2&03 1702.9 1696.0 424-3466 
" Intelligence test score 193.8 191.7 73-299 170.3  I16L.0 75-247 
Chronological agein mos. 270.3 268.1 239-317 268.9 268.0 251-299 


"The required minimum for all Ss waa 30 trials; 2 Ss made 4 failure trials 
(900 sec.) in succession. 


(€) Case study of failures in learning. This section includes a 
brief description and analysis of the cases that failed to achieve the- 
learning criterion within a total test period ranging from 2-3 hr. 
The value of this presentation is manifold. It will present in relief 
the general nature of the difficulties in this motor problem, the variety 
of methods of procedure, and the characteristics of the unsuccessful 
learner. It will also serve to reémphasize the fact that this motor 
problem is not a simple trial and error task; but that it evokes a 
eomplex response which is indicativa of numerous characteristics, 
. traits, and abilities of the individual. 

In reading the descriptive and observational data, it is well to 
recall the quantitative differentiatiors already made between this 
group and the successful group in sge, intelligence, adaptability, 
and learning (cf. Table XY). l 

The r2 Ss who failed may bə divided into two groups. One, 
consisting of 8 Ss, particularly manifests temperamental, general be- 
havior, and personality characteristics that may account more or less | 
for their failure in learning. A brief summary for each individual in 
this group follows. 

m 1 appeared very tense during performance. There were frequent com- 
plain “don’t see why it won't work," “don’t see bow one can concentrate," 

just sheer luck if I get out of bere, I’m using no plan. He seems to lack per- 


sistence and planfulness. He was very disappointed in not being able to com- 
plete learning satiafactorily. 


S 2 criticized and commented on his performance throughout the experiment, 
‘this is hard," “should have watched myself," “upper maze confuses me trying 
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to keep my mind on lower." He knew that slight entrances were being made 
into vertical blinds toward body— "don't want to increase time," “d 
with myself for making foolish errors.” He claimed he is too sure of himself. 


S 3 appeared very tense and hyperactive. He is easily excited; is the only 
child i the family. He states that he has & verbal memory detect especially 
in foreign len es, and difficulty of concentration. He states that he likes to 
talk about hi freely, but that he is shy and can’t make friends easily. This 
and other ‘factors’ have been treated by a psychiatrist. During the performance 
he used profanity in the most abusive manner, eo hat very resistive, at times 
almost to the point of violence; although he wanted to continue the test and give 

his best performance. - 


S 4 ap d very distractable, “can’t keep my mind on this thing (maze)." 
He has a lethargic appearance, easily discouraged, wanted to stop work on the 
maze several times, complained of fatigue in hand frequently. 


S 5 siete that he gets nervous in examinations. He appeared disturbed 
throughout the experiment, and frequently enay restlessness by shifting 
fest, shifting body, twisting and turning head. Hi ds are very large, heavy, 
clammy, and have a slight tremor. He complained of task, “awful complicated,’ 
and had difficulty in coórdinating movements at the beginning of the maze 
pattern. ` : 


S 6 stated that he is restless all the time, very fidgety, “can’t sit still or read 
' even a good book for any length of time." When an error was e, iallv 

during learning, he would give & general bodily reaction and would to be 
returned to the beginning of the maze. ; 


S 7 is ambidextrous. He appeared very self-conscious and lacks confidence, 
“I must be a pretty bad specimen." He seemed to lack persistence and ability 
to initiate, ‘if I didn’t get out of the other one (90? pattern) how am I going to 
get out ‘of this one (90? reverse pattern)?" “I wonder whether I’m doing what's 
permissible, orienting myself." (Looked away from top of maze, trial and error 
on lower maze). “Damned thing doesn't work," ( but did not make the next 
move which would have been correct); seems to have difficulty in attention— 
“Gee, my mind seems to be off the damned thing.” After the experiment he gave 
several instances of distractability and day dreaming in his everyday activities. 


S 8 is also ambidextrous. The natural inclination was toward lefthandedness, 
and the right hand has been trained. ied aro! he must make a conscious 
decision as to which hand to use in a partic task. He has a special aversion 
toward spate fo daily habit, “develops nausea and gets nervous." Throughout 
the experiment he appeared nervous, would frequently tense the body, nod the 
head abruptly, and discs facial tics and grimaces. 


The remaining 4 Ss do not give such an overt display of behavior. Two of 
them made very low intelligence test scores (75 and 96, that is, in the lowest 10% 
of the Main Group). These data are supported by observation on performance in 
the maze, which indicated a difficulty in comprehension of task, and a marked 
trial and error procedure. Both were diligent ploddera. One moved very rapidly 
and the other very slowly. 

The other 2 Ss found difficulty in adopting a method of procedure. One case 
may be described as failure due to pronounced pressure at the beginning of zhe 
maze, very rapid movement, poor codirdination, and poor motor control. The 
_ other case although displaying a better performance failed to adopt a uniform 
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method of tracing through the maze. This S seemed to have difficulty in 

utilizing side cues. The performance varied between following the inner and 

outer sides of the paths. Culs-de-sac were eliminated early in the performance. 
SUMMARY 

(1) This investigation shows that the ability to solve a maze 
problem is consistently related to the ability to learn & maze problem. 

(2) General intelligence, as measured by a group test, appears 
more significantly related to tha ability to learn a maze problem than 
to the ability to solve a maze problem (adaptability). — 

(3) Chronological age is more consistently related to perform- 
ance in maze adaptability than general intelligence. Success in 
maze adaptability as contrasted with failure appears to be favored 
by a low chronological age and a high intelligence test score. But 
the relative degree of success is influenced by a higher chronological 
age, and general intelligence is negligible. 

(4) General intelligence, performiance in maze. adaptability, 
method of procedure, temperament and other personality traits 
appear as significant factors in the case study of failures in learning. 

(s) The results of this study, on the 5 maze adaptability prob- 
lems, stand in opposition to the earlier results obtained by Cox: 
(a) significant measures are lower (smaller time-seores); and (b) cor- 
relations with general intelligence are negligible, in contrast to rela- 
tively higher correlations. However, intercorrelations (among the 

s problems) in the present investigat:on agree very closely with those 
obtained by Cox. ` 

**Success in learning seems to be dependent upon the formation of a plan for 
tracing thro the mage or an expressed recognition of the nature of the maze 

ttern. Although no information was revealed as to a ol of trac tracing, 
=e es ed a marked uniformity of response. One regen 
E was adopted by 68% o a Ss. J. À inciple 
maxima and minima in animal uu . Comp. em II, 1930, .227) 
says, w, The essence of the experimental findings is essentially this: an animal, 


faced with a sitnation susceptible of an indefinite number of A ar Aaea tends to 
elect that one which involves the least distance. 


..BEHAVIORISM, PSYCHOANALYSIS, AND THE 
J PSYCHOLOGY OF P-FUNCTION 


By Can, M. Wars, Cornell University 


Subjectivism, regarded as a theory which conceives an inner 
mental substance and an outer physical substance as partners in a 
metaphysical dualism, has in recent years fallen into all but universal 
disrepute; but the consequent readjustment of psychological theory 
and practice has not yet been completely effected. In the welter of 
discussion provoked by this circumstance, psychoanalysis and be- 
haviorism emerge, not necessarily as antithetical, but as extreme 
positions to the right and left. It now begins to appear that a central 
position, which should avoid the older metaphysical view and also 
escape -the partialities of the newer extremes, would afford the psy- 
chology of our times a very great advantage. In his psychology of the 
P-functions Bentley has attempted such a central position. Let us 
examine this position and compare it right and left with behaviorism 
and psychoanalysis. 

The functional position outlined in Psychologies of 1930 found a, 
partial expression as far back as 1924 in The Field of Psychology. 
But this treatise, classic though it is in certain methodological 
features, falters between structuralism, the best elements of which it 
sought to conserve, and a consistent functionalism. ‘“The Composi- 
sition of Experience” (Part I of the Field) analyzes ‘experience’ into 
the usual ‘elements,’ sensation, sensimages, and affective qualities; 
while “The Organization of Experience” attempts, with doubtful 
success, to regard these constituent ‘elements’ as they stand integrated. 
It is, therefore, not until we come to ‘The Psychosomatic Functions" 
that we reach the expected functional treatment. Perceiving, remem- 
bering and imagining, acting and feeling, understanding and thinking, 
are there described as modes-in-which-the-organism-acts, operates or 
performs, each mode differing.from the others in certain typical 
: aspects which may be observed and described. “Socialization’’ 
and “Development of the Psychological Organism” deal with the 
progressive development of these functions, which are conditioned at 
any moment of their history by stock, growth, Pu 
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exchange, association with other organisms, human events, and `. 


social traditions. 

This treatment of the facts of psychology obviously makes the 
mind (as experientially defined) a co-partner with the physical 
structures in the psychosome; and it is the functional unity of this 
psychosome, or mind-body, which lies behind the psychosomatic 
functions. Here is more than a remnant of structuralism. More 
than a remnant also of the various functionalisms, cognitive and 
biological, which have been filling our psychological shelves since 
Stout and Angell wrote in the ’oos. It is to the elimination of these 
substantively different partners that the author of the Field addresses 
himself in The Psychologies of 1980. Here the key-note is function. 
It is function of a psychological sort (P-function, in abbreviation) 
which supplies all the fundamental material for psychological studies 
of the living organism. No mental category is employed for supply- 
ing a mental substrate or ‘structure’ for the P-functions. ‘There is no 


longer mind-body or psychosome. There is no longer substantive. 


coöperation. The only ‘structures’ to be found in the organism are 
found by the anatomist end the morphologist. These furnish the 
common ground for all functions, albeit they are to be utterly stript 
of every materialistic or other philosophical connotation which would 
tend to prejudge or to limit their functional competency. 

This departure from the Field involves, as a corollary, a revised 
view of the natural relations of psychological to biological studies. 
The new view sets these studies in.& functional coórdination. The 
biological functions (B-functions) are of the physiological sort as re- 
gards the internal économy of the organism and of the adaptive sort 
as regards the active relation of the organism to its environment. 
The concept of ‘the environment’ is handed over to the biologist and 
quite removed, as a basal term, from the field of the psychologist. 

Now it should be profitable to compare for likenesses as well as 
for dissimilarities this revised view of psychology—which makes 
function basal, distinguishes psychology from the biological sciences, 
rejects the ‘mental’ both as content and as cause, and nevertheless 
preserves all of the usual problems and procedures of psychology— 
with that form of behaviorism which has proposed to limit itself to 


physical, chemical, and biological terms and concepts. We take, for. 


the purposes of our comparison, the writings of Watson. 
Both Watson and Bentley have agreed that the 'traditional' 
views of the task of the psychologist are unsatisfactory. For Watson, 
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this task is the description and explanation of behavior. With the 
completion of the behaviorist's program (which cannot, to be sure, 
be realized until his methods are improved) no really essential problem 
of introspective psychology will remain unsolved. On the other 
hand, to impose upon psychology the task of transliterating behavior 
into terms of consciousness is, in any event, to proceed by analogy. 
It would mean that, after the behavior has been described, the 
conscious content of the animal or human subject would have to be 
constructed. Obviously, this involves an inference, and since an 
experimental science has nothing to do with inferences, the analogical 
procedure is absurd if psychology is to be a science. 

In the second place; Watson and Bentley are more nearly agreed 
than might at first sight appear as to what constitutes the subject- 
matter of psychology. We have seen that that subject-matter con- 


. sists for Bentley in certain distinctive functions of the total organism. 


The same is, in theory, true of Watson, who objects strenuously to 
the appellation, ‘muscle physiologist,"? and declares that “the þe- 
haviorist is interested in the way the whole body works," in “total 
activities," not in *muscle twitches."* In this connection, the out- 
line of his Psychology from the Standpoint of a Behavtorist is illuminat- 
ing. After the opening chapters, which deal with orientation and 
methods, the author. describes, in the three following chapters, the 
mechanisms of behavior. If we are to credit his insistence that his 
program is different from the physiologist’s, all of these chapters must 
be regarded as strictly preliminary. The rest of the book is devoted 
to a consideration of the functions of the ‘whole organism.’ Successive 
chapters treat of hereditary and acquired ‘‘modes of response,” of the 
“organism at work" (turning from the acquisition of these modes to 
their employment by the adult individual), and of "the personality 


"and its disturbance" (considering “how well or how poorly" the 


individual functions ‘‘in his present environment’’).4 ; 

Here we find a difference which is fundamental to an understand- 
ing of the sense in which either writer may legitimately be referred to 
as a functionalist. Watson means by ‘function’ either a mode of 
operation or a kind of achievement. Thus, when he speaks of function 
a8 a way in which the whole organism works, he is using the term in 


1J. B. Watson, Psychology as the behaviorist views it, Psychol. Rev., 20, 1913, 


158- 
ow i niri (rev. ed.), 1030, I5. 
from ' Standpoint of a Behaviortst, 1919, 40-41 
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the former sense; but when he speaks of function as a product of this 
way-of-working, as an adjustment or adaptation, he is using it in the 
second sense. For Watson, the adaptive signification is primary; 
but precisely the opposite is true for MO whose P-function always 
denotes & mode of performance. 

. Once more, a fundamental difference arises over the eriterion of 
objectivity. Watson defines objectivity epistemologically, ?.e. on the 
basis of the traditional dualism of subject and object, of mind and 
body. By definition, therefore, all things ‘mental’ are subjective, 
while that is objective which is ‘outside’ of the observer in such a way 
as to be perceptible only to a bystander or onlooker. Thus, at one 
stroke, psychology is limited to those problems which may be en- 
visaged from the bystander's system of reference. Bentley, on the - 
other hand, defines objectivity in terms of method. It follows that 
there is for him no point in categorically denying the possibility of 
solving any problem that may suggest itself, because the solution will, 
in any particular instance, depend upon the ingenuity of the investi- 
gator, who must discover a type of procedure that will enable him to 
check his results experimentally at each step. A fact is objective, 
not with reference to a spatial analogy between an inner and an outer, 
but rather when manipulation of conditions reveals that (to use a 
figure) the universe or ‘nature,’ instead of the experimenter, has 
spoken thus-and-so. In actual practice, science knows no other form 
of objectivity than the methodological, a feature that enables the 
psychologist to test any theoretical ‘issue that may present itself, 
even the behaviorist’s tacit assumption that scientific laws can be 
formulated concerning only those phenomena which can.be observed 
from the bystander’s system of reference. When this deliverance 
is put to experience in the form of a question, we need go no farther 
than, say, the third law of color-mixture to ascertain that nature’s 
deliverance does not coincide with the behaviorist’s. 

Another moment enters into the appropriation of the bystander’s 
system of reference. In his early article on ‘Psychology as the be- 
haviorist views it," Watson’s point of departure is the fact that human 
psychology has not made good its claim as a natural science. This 
failure, we are told, is due to a mistaken conception of its subject- 
matter. It follows that the remedy must come through revising this 
mistaken conception; and behavioriam prescribes that the traditional 
subject-matter of psychology shall be concaived in precisely the same 
way as the sciences of nature (physics, chemistry, and the rest) con- 
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ceive theirs. “This suggested elimination of states of consciousness 
as proper objects of investigation in themselves will remove the barrier 
from psychology which exists between it and the other sciences. The 
findings of psychology . . . lend themselves to explanation in physico- 
chemical terms."5 

Two questions naturally arise in this connection. First, if it is 
futile to construe behavior in terms of consciousness, as most psy- 
chologists would now agree, why is it any less futile to construe it in 
terms of electrical and chemical processes?® Obviously, the procedure 


is based on analogy in one ease no less than in the other. The fact is, 


Watson evidently believes that the final test of scientific respectability, 


_ the “true explanation,” of any biological or psychological phenomenon 


requires that its explanation be “couched in physico-chemical terms.’’? 
This brings us to a second question. Does the category of one science 
provide a more “true,” or more nearly “‘true,” explanation than that 
of another? Perhaps, if we care to give a metaphysical turn to the 
term ‘explanation,’ but if we remain on descriptive grounds, an 


affirmative answer is hardly plausible for the simple reason that the 


question itself is virtually meaningless. The purpose of the sciences is 
to deseribe, each from its own point of view, a common world. 
Scientific procedure is thus essentially selective, and the very excuse 


for the existence of more than one science lies in the fact that nature’s ` 


several dimensions burst the mold of any single descriptive category. 
This being the case, it is nonsense to discuss degrees of trueness. 

But apparently Watson is not to be deterred by the warning that 
questions of truth and reality should be left to metaphysics. A less 
militant protagonist of the bystander’s system of reference would 
doubtless rest content with the simple declaration that the point of 
view is adopted and adhered to because it is believed to be the most 
fruitful approach to the study of psychological subject-matter. But 
Watson dutifully takes a critic to task for saying that the behaviorist 
merely ignores, but does not deny, the existence of what traditional 
psychology called ‘mental states.’ This is, he reproves, “a serious 
misunderstanding of the behavioristic position."? Passages like this 
plainly indicate that the behaviorist intends to cast his lot profes- 
sionally with the materialistic metaphysicians. Whether this type of 


‘Op. cit., footnote I. 
pene (rev. ed.), 210. 


"Watson, Is thinking merely the action of language mechanisms? Brit. J. 
Psychol., 11, 1920, 87-104. : 
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Weltanschauung is defensible does not in the least concern us here; 
but this dabbling in metaphysics sets Watson in sharp contrast with 
Bentley, who draws a clear line of demarcation between scientific 


and speculative thought, and carefully consigns the problem of the 


ultimate nature of truth and reality to the latter. 

In Psychologies of 1925, Bentley urged that, in preparing to treat 
scientifically a body of facts, the nature of the facts themselves should 
receive first consideration. Instead of being thrust into a pre- 
conceived pigeon-hole, these facts, if they are to be understood, must 
be described “in such subdivisions or aspects” as their own nature 
suggests. It is for this reason that Bentley refrains from analyzing 
the P-functions into ‘simples’ of any kind; for, if psychologists are, 
after all, dealing with modes of operation, iti is their primary task ‘‘to 


define and to depict” theae functional modes as such.? Just as one , 


may acquire considerable information &bout the products of a print- 
ing press, their value, ete., and still be erasaly ignorant of the way in 
which the press works, sc we may acquire considerable information 
about the aeccomplishmen; of the organism, the worth of this accom- 


plishment from the standpoint of environmental adjustment, and. 


the like, and still remain comparatively ignorant of the going-on-to- 
accomplishment. 

While, as has been suggested, behavior for Watson may, in a 
certain broad sense, be equated with the. way the whole organism 
works, behavior, in his hands, nevertheless acquires meanings dis- 
tinctly foreign to Bentley’s P-function. As a preliminary step to- 
ward pinning down what :s signified by the behaviorist’s ‘behavior,’ 
it is necessary to distinguish at the outset between the behaviorist’s 
faith and the behaviorist’s practice. McDougall characterizes 
Watson as a sirtct behaviorist who “believes that two very simple 
conceptions suffice for the explanation of every instance of behavior, 


namely, the reflex and the conditioned reflex.!? The characterization | 


is apt so far as it goes; but this article of faith is no more important 
than the belief that the “true explanation" of every instance of 
behavior must be couched in physico-chemical terms. 

Watson bases much of his actual procedure upon units of descrip- 
tion .which are ‘simples’ selected from some ontogenetic or phylo- 
genetic source. ‘In order to understand man you have to under- 
stand the life history of his activities.” Tracing the “activity 

*M. Bentley, Psychologies à ey : ; 95-15 

gies of Ay 95 
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Wm. Me , Psy 25, 1926, 273-291. 
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stream” back to its ontogenetic source in the human infant, Watson 
ends his quest for a ‘simple’ by adopting the more or less discrete 
reflex movement as ultimate. Accordingly, the congenital reflexes 
become the elements out of which all future behavior is compounded; 
behavior, in this sense, being nothing more nor less than such & com- 
pound. An interpretation of a world-wide economic situation and 
the Babinski reflex have fundamentally the same dimension; their 
only difference is & matter of complexity. The program of psychology 
differs from that of physiology only in the type of phenomenon re- 
duced to this lowest common denominator. That program consists 
in noting movements and in analyzing them into their simple elements. 

In so far as Watson is faithful to this principle of reduction, it is 
true that the discrete reflex serves as his basic category. But Watson 
the psychologist is not satisfied to limit himself to a program so 
obviously analogous to physiology, and to the extent that he in- 
troduces non-physiological features, of course, he abandons the dis- 
crete reflex movement as a category. Thus stimulus and response are 
both originally defined in physiological terms, But, as he goes on, 
stimuli are introduced which only by the widest stretch of the imagi- 
nation are describable in electrical, chemical], thermal and mechanical 
terms; he frankly expresses his fear that, after all, the reflex is an "over 
sinplication: "13 He even concedes that, in its present state, physi- 
ology “cannot help us much" in a psvcholop čal description of be- 
havior." 

Obviously, a new and more distinctively psychological category 
has been introduced, namely, environmental adjustment. That an 
‘adjustment’ and a ‘reflex’ cite dimensions of experience that cannot 
easily be resolved into one another, without speaking loosely, will, 
I think, be disputed by few. Certainly no physiologist could be ex- 
pected to be enthusiastic over the proposal to state the difference in 
my reactions to two situations as due to my witnessing a hunter in 
the one case “shooting squirrels” and in the other case “shooting 
rabbits."!5 But it is no less evident that Watson slips carelessly 
from one category to the other. “In this volume," he remarks in 
Psychology from the Standpoint of a Behaviorist, "the terms ad- 
justment, response, and reaction are used almost interchangeably.” 18 

3 Vide Standpoini, 10-II. 

WThe fear is, however, eee Behaviorism (rev. ed.), 1930, 
206-207. Cf. B 1924, 157. 

X Behaviorism (rev. ed.), 210. 


5 Standpoinl, 5. 
Ibid., 12, footnote. 
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It would, of course, be a mistake to believe that the inconsistency 
hes developed recently." Watson is correct in holding that his has 
never been & muscle-twitch psychology; even though his contention is 
at most only a half-truth. In the work just mentioned, he indicates that 
‘what we seek to have psychology busy herself with is just this matter 
of environmental adjustment.” The difference between psychology 
and physiology, in fact, lies precisely at this point; for “nowhere in 
physiology do we get the organism, as it were, put together again and 
tested in relation to its environment asa whole."1$ In short, the func- 
tional view of thé Chicago School seems to have been embraced from 
the beginning: “In the main," he announcesin 1913, “my desire. . 


is to gain an accurate knowledge of adjustments and the stimuli | 


' calling them forth"? 


This quotation brings us to the last important difference between 
Watson and Bentley. We may say that Bentley entertains the 


critical, Watson the Baccnian, conception of science. Bentley takes: 


seriously in his psychology the distinction between knowledge, 
appreciation, and use, contending that the psychologist must, if he is 
to understand his subject matter, adopt the knowing attitude.*? 
Watson, on the other hand, states as the twofold aim of psychology: 
(x) the prediction of human activity with reasonable certainty; and 
(2) the formulation of laws and principles whereby man’s actions can 
be controlled by organized society. Although passages may easily 
be selected which fit awkwardly enough into such a view, the be- 
haviorist’s goal, as thus articulated, is inextricably linked with the 
discovery, by the manipulation of stimuli, of responses which are “in 
line with progress," “good,” “desirable,” and “appropriate.” 

Such being his aim, Watson brings upon himself the necessity of 
treating his subject-matter causally. The control of human response 
depends upon a knowledge of the various types of stimuli which 
affect man and “of the places where such stimuli must be applied in 
order to produce appropriate action.”* “Any object in the general 
environment’ may be a stimulus and its function as stimulus does 

"Nevertheless, it does appear to be true that the psychological phase of the 
behaviorist’s program comes into greater prominence in the revised edition of 

Behaviorism where Watsonia1 dogmatism is somewhat less rabid. 

18Standnoint, 8 Í., 20., 

1° Vide footnote T. 

? Bentley, The Field af Peychology, 1924, 13-16. 

WStandpoint, 1-2. 

"Behaviorism (rev. ed.), 22-47. 

standpoint, 48. 

M Behaviorism, 6. 
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not.depend, theoretically, upon its relation to the organism ; for causa- 
tion is characteristically efficient, transitive, unilinear.** The stimulus 
incites, and then the organism moves. ‘The human is so built (and 
so are all other animals) that it must move when these stimuli assazl it 
from within or without.” 


We have here the causal schema of early English associationism 
minus a benevolent mind which manufactures ideas out of the sense 
material thrust upon it. As to the source of the conception, it should 
be noticed that, while Watson makes occasional reference to me- 
chanics,?’ this science knows nothing of such a naive view of causality. 
Unilinear causation, as a force which “produces,” ‘‘calls out," *rouses," 
“excites,” would work havoc with any sort of mathematical formula, 
because all content would be compressed into one side of the equation. 
Every cause is instead regerded as, in some sense, an effect; every 
force a function of relation which may be stated in terms of differences 
of velocity or work, and so on. The real source of the conception 
appears to be common sense, which conceives the relation of one 
thing to another after the analogy of certain functions of the ex- 
periencing individual. The vicious circle traversed by Watson ac- 
cordingly seems to be somewhat as follows. Given a body of func- 
tions exhibiting & certain distinctive. character known as agency, an 
anthropomorphic view of causality is derived therefrom, which, when 
it is projected in turn into the environment and used as an explanatory 
principle, obliterates the distinctive character of the virgin subject- 
matter. At this juncture, Bentley’s motive for the substitution, for 
psychological purposes of description, of context for environment— 
whether ‘inner’ or 'outer'—becomes apparent. He does not believe 
that the P-functions, like the behaviorist’s stimuli, happen non-con- 
textually as by divine fiat. Least of all does he believe that, ifand 
when regarded causally, the organism is a closed system. But having 
no oracular utterance to deliver on the subject of causality, and 

S According to the scholastice, who derived their conception from the Platonic- 
istotelian alría, & cause was an original substance, while an effect was either an 
activity of this causative thing or another substance which came to be in conse- 
quence of such activity. According to the rationalists of the seventeenth century, 
cause and effect are motions, motion bere E be regarded in turn as substantial. 
While it is not here intended to attribute philosophical sophistication to Watson, 
it is interesting to note that he adheres mainly to the scholastic notion of cause, 
1.6, any object (in the sense of naïve epistemological realism) in the environment; 
and to the rationalistic conception of effect, 4.6. some sort of motion that is re- 
ses rag deoa qr aive . in this connection, W. Windelband, 
Geschi hilosop 1592. 324- . 
2: Behaviorism, A ao 
t'Standpoint, 392-394. 
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believing that it is not incumbent upon the sciences to provide a 
metaphysical explanation of their subject-matter, he rests content 
with the more modest goal of description. 


Where behaviorism inclines toward the right, psychoanalysis in- 
clines toward the left of the psychology of P-function. Elsewhere 
the author has subjected psychoanalysis to more extended analysis,*® 
pointing out that the practical motive, which is historically respon- 
sible for Freud’s speculative approach to the meaning of the neurotic 
symptom, accounts primarily for the introduction of features which 
mar psychoanalysis as a psychological system. While the analysis 
was mainly critical, the constructive suggestion was offered that, 
since psychoanalysis deals with ways in which symptoms evolve in 
the life-history of the patient, these phenomena are primarily 
functions and functional products. Unnecessary difficulties might 
therefore be avoided by the elimination of the substentive and causal 
features. If these functions were grounded in the total organism 
instead of a doubtful mental substance, and if description supplanted 
‘causal explanation, psychoanalysis would swing decidedly in the 
direction of the psychology of P-function. 

While Watson, as we have seen, proceeds in close analogy with 
physiology, Freud ignores physiology as irrelevant to his purpose. 
But like behaviorism, psychoanalysis is interested in practical con- 
trol; and so the treatment here, as there, necessitates causal explana- 
tion, but in terms of mental substance instead of physical substance. 

Psychoanalysis arose as. “ʻa method of treating nervous patients 
medieally."3? The peculiarity of several neuroses is that no cor- 
responding organic lesions have as yet been laid bare, the correction 
of which will bring about recovery. ‘There are either no discoverable 
corresponding changes of the anatomical organ of the soul,” Freud 
declares, "or else the changes are cf such a nature as to yield no en- 
lightment."*? On account of thissterility of the physiological approach, 


‘the symptom is diagnosed and treated psychologically. ‘We shall - 


entirely ignore the fact that the psychic apparatus with which we are 
here dealing is also familiar to us as an anatomical specimen. . . . We 
shall remain on psychological ground.’ On this basis, a therapeutic 
program has been inaugurated, the clinical success of which confirms 


The categories of substance, cause and function in Freud’s paseko 
Psychol. Rev., 39, 1932 (forthcoming). 


"c Fd ue A General Introduction to Psychoanalysis (G. 8. Hall, tr.), 1920, I. 
frond, The Interpretation of Dreams ‘A. A. Brill, tr.), 1913, 424-435. 
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the contention that scientific laws can be formulated successfully 
from what may be called the experiencer’s as opposed to the by- 
stander’s standpoint. 

While in this respect psychoanalysis resembles the psychology of - 
P-function, a difference between the two appears in the causal 
etiology of the former. In so far as Freud’s genetic account of the 


_ symptom is descriptive, it differs in no essential detail from the genetic 


account of function given in The Field of Psychology. But Freud, 
as has been suggested, is not content to stop with anything short of 
causal explanation; and his handling of the concept of causality is 
little, if any, more satisfactory than Watson’s. Vitalism and mech- 
anism are left side by side without any creditable attempt to re- 
move the discrepancy between them and this despite the question as 
to whether the psychologist need involve himself in philosophical 
discussions of this nature. In fact, the negative importance of causel 
explanation for etiological purposes as illustrated by this inconsistency 
on the part of Freud appears to cast grave suspicion upon the line of- 
argument designed to show that the scientist must provide an ex- 
planation of the subject-matter he is to describe. 


The nearest we can come to a unit of explanation for Freud is un- 


‘conscious idea or force. In rebelling against traditional psychology, 


Freud seemingly makes the common mistake of failing to replace 
the foundation of the view against which he launches his attack. 
Traditional psychology had held that psychological activity and con- 
sciousness are coextensive; that psychological subject-matter is 
homogeneous in kind; and that mind differs in kind from body. Be- 
ing convinced, by his study of neurotic symptoms in their genetic 
setting, of the róle of psychological activities which have no ex- 
periential coloring, Freud virtually equates psychological activity 
and the “unconscious” (*eonseiousness" being a sort of “sense organ" 
only); but the rest of the foundation is hardly shaken, except that his 
terminology threatens, at times, the homogeneity of his subject- 
matter. 

As regards method, psychoanalysis is decidedly inferior to the 
psychology of the P-functions and to behaviorism, both of which, as 
we have seen, insist on high standards’ of experimental control. 
Psychoanalysis proceeds by clinical divination, and explains in terms 
of an assumed mental substance. The practical utility of this method 


when used as a therapeutic expedient may readily be conceded; but 


“Field, 491-509. 
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until it is brought to a more empirical level psychoanalysis can 
scarcely—as its defender Flügel concedes*—claim recognition as & 
science. 

, By way of summary, we may say that the psychology of the 
P-functions has developed a thoroughgoing functional point of view, 
cutting free both from the structural type of analysis and from those 


compromising kinds of functionelism which have been drawn either 


from a teleological biology of adaptive ends or from the logic of cogni- 
tion. This psychology of the P-functions differs, on the one side, from 
behaviorism in its system of reference and in its fundamental treat- 
ment of perceiving, remembering, acting, understanding, thinking, 
and the like, and, on the other side, from psychoanalysis in its ex- 
purgetion of mental substances and causes. If differs from both in 
avoiding problems of ontology as well as in aiming at description for sci- 
entific purposes instead of at prediction and control for practical ends. 


3 Paychologies of 1930, 374-394. 
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INTENSITY AND NUMBER OF CONES 
IN FOVEAL STIMULATION 


By C. H. Grama{m and N. GorpMAN, Temple University 


For a long time it has been known that when a retinal image is oi 
large area the intensity of illumination required to produce threshold 
stimulation is not so great as when the image is small. The brightness 
required varies in an inverse manner with the sarea—the larger the 
area, the lower the intensity; and the smaller the area, the higher the 
intensity. Despite the knowledge of this general relationship and the 

popularity of the problem, few hypotheses have been put forward as 
promising a valid explanation until the recent work of Adrian and 
Matthews.! 


Much of the early work was deficient in many details. The most notable of 
the defecta was the failure to provide a large enough range of areas of the stimulus- 
objects used. Because of this fact, any of the laws having to do with the recip- 
rocal relation between intensity and area are applicable over a rather limited 
range of retinal surface. The work of Piper provides us with an excellent example 
of this shortcoming.? Piper’s law—to the effect that the product of the square 
root of the area and intensity is a constant—was derived from experiments on 
the periphery in which the areas of the stimulus objects covered the limited 
range of r-100 sq. cm. The law of Abney and Watson? (Intensity X Diameter 
= Constant) was obtained with a range which was even smaller than that of 
Piper. Piéron, as the result of a series of studies, has come to the conclusion that 
no general equation can satisfy the relation over a large range of areas. 

Reeves has performed one of the few experiments which may be considered 
adequate His range was large, the areas of the stimulus-surfaces varying from 
0.75~14,400 gq. ram. One of the authors of this paper, as a preliminary to more 
extended investigation, attempted to give a quantitative formulation to Reeves’ 
results. He found that the equation AI!-* = Constant holds over the middle range 


*Accepted for publication February 9, 1931. From the Psychological Lab- 
oratory of Clark University. 

IE, D. Adrian and R. Matthews, The action of light on the eye, J. Physiol., 
63, 2 378 ff.; 64, 1927, 279 ff.; 65, 1928, 273 ff. 

3H. Pi per, Über die Abhängigkeit des Reizwertes leuchtender Objekte von 
ihren Fiachen bezw. Winkelgrésse, Zsch. f. Psychol., 32, 1903, 98. 

*W. deW. Abney and W. Watson, The threshold of vision for different iE ids 
lights, Philos. Trans., 216, 1916, 9r. 

4H. Piéron, La somation superficielle des impressions lumineuses au niveau 
i ee C. r. Sex Biol., IOI, 1929, 1104. 

T Reeves Tae effect of size of stimulus and exposure-time on retinal lias 

holt Astrop". 48. J., 47, 1918, 141. 
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of areas, but does not describe the relationship with the small and large stimulus 
surfaces.’ 


The researches of Adrian and Matthews provide the first step toward a ` 


satisfactory analysis of the problem. Such an analysis will be of immediate im- 
portance for our understanding of both photochemical and neural activity during 
light stimulation, and of general importance insofar aa it contributes to our 
knowledge concerning the nature of synaptic transmission. 

In an experiment involving the measurement of action currents from the 
optic nerve of the eel, Adrian and Matthews found that when the area of the 
stimulus-object was changed without varying the illumination there was a 
reduction in the latent period of the discharge, a quicker rise to the maximum 
and an increase in frequency which was not nearly proportional to the area 
stimulated. “It is obvious that these facts do not agree with the simple con- 
ception of the retina as a mosaic of sensitive points each connected with its own. 
nerve fibre and each acting indspencently of the rest. .The shortening of the 
latent period when the size of the retinal image is increased can only be explained 
on ths assumption of some kind of interaction between the different stimulated 
points."7 

Leter experimentation has demonstrated that the interaction takes place in 
the nervous interconnections of the synaptic layers of the retinas. This conclusion 
is a result of analyses made of rhythmic discharges found in the optic nerve of 
the eel when the entire retina is stimulated for a long time. Under such condi- 
tions of illumination the action current discharge loses its irregular character 
and consists of a series of regular waves at zrequencies ranging from 5-15 a sec. 


This process is not due to rhythmical stimulation of the retina for when strych- ' 


nine is applied to preparations which do not normally show the intermittent 
discharge, the synchronous activity appears at once.* If the process were photo- 
chemical we should suppose that strychnine would have no effect. Again, if 
four points on the retina are illuminated simultaneously, the reaction-time of the 
discharge is shorter than when any one of the points is stimulated alone. Strychnine 
causes & tremendous increase in the range over which this interaction occurs. 

It seems safe to assume that the interaction process is a summation effect 
which takes place in the synaptic layers oi the retina. Experiments of the type 
previously described leave no doubt as to the fact that the parallel effects of 
increase in area and increase in intensity are due to variations in the nervous 
summation process demonstrated. 


PROBLEM 
The purpose of tbis paper is to make an P of the relation- 
ship existing between the threshold intensity of illumination and the 
size of area stimulated for the fovea of the human eye. Since de- 
terminations made in terms of area mean little (becguse of the manner 
$C. H. Graham, The relation between area and intensity of visual thresholds 


Amer. J. Psychol., 42, 1930, 420. An error was made in this re ae which should . 


be corrected. The retinal areas ss given by the graph are all four logarithmic 
units too small. Every point on the curve should be raised that amount if the 
areas are to be read in sq. mm. ‘This error does not, eee affect the validity 
of the equation. The only term changed by the transposition is the constant. 
‘Adrian and Matthews, op. cit., J. Physicl., 63, 1927, 378. 
5I dem., J. Physiol., 65, 1928, 273. 
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of distribution of foveal elements), the investigation is extended for 
the purpose of making a correlation between number of cones available 
for stimulation and intensity of illumination. It is hoped that such a 
procedure will give a more accurate picture of the fundamental 
phenomena investigated than has been the case when area has been 
the variable. In order to make the analysis as complete as possible, 
the areas used have been chogen to cover a range varying from one 
which forms a retinal image covering as few as 12 to 16 cones to one 
which forms an image involving nearly the whole extent of the fovea. 


Merrnop 

Apparatus. Our apparatus provides facilities for experimental precautions 
which have been overlooked by previous investigators of the problem, none of 
whom thought it necessary to provide a uniform starting point for the dark- 
adaptation process. The Ss were allowed to stay in the dark for varying intervals 
up to the time when the threshold was determined. In no case was there & 
previous light-adaptation period. 

Accurate and uniform results are obtained only when there is a uniform stari- 
ing point and a uniform determination point. The uniform starting point can 
be accepted as the time when the eye is completely light-adapted. The determi- 
nation point is taken as the time when the fovea is completely dark-adapted. 
The apparatus of the present i a provides us with means of controlling 
this phase of the work. 

Observations were made in a derk room. Light-adaptation was ensured by 
having Ss look from a definite distance at a light-adapting surface for a uniform 
period of time. The dark-adaptation process was initiated by switching off the 
surface illumination. After & definite period of dark-adaptation S moved his 
head, placed his eyes at the observation openings, and was ready for a measure- 
ment. The threshold-determining objects were white circles of varying area, a 
different area for each determination. S was guided in his fixation by two small 

~~apots of light (luminous paint) which were at a horizontal distance of 25 cm. 
from the threshold object, the latter being in & position halfway between the 
spots. The areas of the circles were such that the range of visual angles sub- 
tended varied from 2.4’ to 3°. 

The apparatus was, except for the stimulus-surfaces and the orientation 
spots, exactly the same as that used by Graham in an investigation of foveal 
binocular summation.? It consists of three principal parts: (1) A light-adapting 
screen having a brightness of 115 millilamberts. This is placed in a large, wall- 
board screen. In the screen are the observation openings which are fitted with 
artificial pupils of 4 mm. diam. (2) A threehold-determining object—a circle 
of white light —the area of which can be varied by means of cardboard diaphragms 
of different areas. These diaphragms are slipped into a groove in front of the 
milk-glass plate through which the light from the threshold-determining lamp 
passes. In the groove, behind the diaphragm, but in front of the milk-glass 


"OC. H. Graham, An investigation of binocular summation: I. The fovea, 
J. Gen. Psychol, 3. 1930, 494 ff. 
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plate, is & holder into which neutral tint filters (Wratten) of varying densities 
may be slipped. These are used for gross adjustments of intensity. The thres- 
hold disk is at a distance of 75 cm. from "s eyes. (3)'A long, blackened box 
containing a 25-watt concentrated-filament bulb. (This lamp is behind the 
stimulus-object which is in the front pert of the box.) Variations in the intensity 
of ilumination of the white stimulus-circles are made by moving the lamp away 
from or toward the front of the box. Intensities are determined from a measured 
reading on the basis of the inverss square law. 

Some slight modifications were made in the apparatus of the previous experi- 
ment. A buzzer was provided as a signalling device for S's reaction to the thres- 
hold stimulus. When the S saw the white circle he pressed the key controlling 
the buzzer, and at the sound Æ switched off the threshold light. Artificial pupils 
of 4 mm. diam. were placed in the observation openings. A slide which could be 
adjusted by S (at the command of, E) was used to cut off vision through either 
of the pupils. In practice # gave the order as to which of the pupils was to be 
covered. 

Procedure. The S was seated in a chair (which was placed in a fixed position), 
with his eyes on a level with the artificial pupils and at & distance of about 35 
em. from the light-adapting surface which wes slightly above them. Two minutes 
were allowed for light-adaptation. (At this intensity —115 millilamberts—light- 
adaptation is complete in this time.) During this interval E made the necessary 
adjustments of the apparatus, 4.». the slide determining the observing eye was 
Bet, the neutral tint filter was placed in its holder, and the diaphragm was slipped 
into the groove, At the end of the light-adapting period the lights were turned 


off and the dark-adaptation process was initiated. A period of 3 min. was allowed . 
for dark-adaptation (enough for the fovea). A warning signal was given 10 sec. 


before the end of this period, and the determingtion of the threshold was made 
at the end of the third minute. 

A movement of about 15 am. was enough to bring S’s head to the chin-rest 
and artificial pupils. He hed been instructed to fixate the center of the area 
between the two small luminous paint spots and to press on the buzzer key when 
he saw & white circle. The criterion E MM retee 
menta of foveal perception. 

When the determination was to be made E gave the signal, switched on the 
25-wait light and moved the carriage toward the S at a rate of about 10 em. 
per sez. When the buzzer sounded the carriage was stopped, the stimulus light 
was switched off, the distance on the scale was read and the carriage moved back. 
The distance on the meter stick was recorded. 

After the determination had been made, the S moved the slide go as to allow 
observation with the other eve, and within 30 sec. another determination was 
made. With the completion of the threshold measurements for the two eyes 
the experimenter switched on the light-adapting lights and the same procedure 
was repeated with a diaphragm of different area. All timing operations were 
made by means of a stop-watch. Four determinations were made with every S 
for each area of diaphragm—two for the left eye and two for the right. 

The preliminary work occupied more time than was required by the experiment 
reported here. Results were obtained under several types of stimulating condi- 


tions. Among these were rome which involved threshold determinations for | 
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red light (Wratten filter No. 70) with and without artificial pupils, and some in- 
which the stimulus-patches of white light were observed without artificial pupils. 
In these latter series a greater number of areas were used in the middle ranges 
than is the case in the main experiment, but the trend of the results was found 
to be so regular that only 12 disks of different area were used in the final measure- 
ments. In addition to these veriations in procedure, we tested for the effects 
of differing periods of light- and dark-adaptation, and for the influences dependent 
on the spacing of the luminous paint spots. Our experience in the early experi- 
ments has led ua to believe that the procedure finally adopted is one which 
approaches the optimum. 
RESULTS 

Area and intensity. Measurements were made with 5 Ss. The 
averaged data are presented in Table I and in Fig. 1. The relation 
expressed by these two methods is so similar to the relation given by 
every S individually that we are content to reproduce only the group 
averages. The table and graph give an expression of the way in 
which the threshold intensity decreases as the area of the retinal 
image increases.!° With the artificial pupils in use the pupillary 
area, Was 12.57 sq. mm. for all Ss. Retinal areas were calculated on 
the assumption.that a visual angle of | 1’ subtends & retinal distance 
of 0.005 mm. . 

A survey of Table I and of Fig. ı makes it dees that as the 

stimulus-area increases in size the threshold intensity decreases. 


TABLE I 
RELATION BETWEEN ÁREA AND Inrensrry OF Warre LIGET ashes 
Stimulus Diameter Visual ) Retinal area Intensity 
area, (em.) angle - (80. mm.) (photons) 
I 0.054 2.52! O.00011I31I 1.96 
2 0.07 3.24" * 0.0001985 1.23 ` 
3 O.I ` 4.56’ 0.0004085 I.19 
4 0.125 5.76’ 0 0006396 0.339 
5 0.14 5.36’ 0,0008050 0.239 
6 0.162 7.20' 0.001087 0.194 
7 0.2 5.12' 0.001630 0.I04 
8 o. 22.68' . 0.01031 '" 9.056 
9 I.0 48.08’ 0.04126 0.012 
10 2.0 91.56 0.16503 ` 0.0093 
II 3.0 138.0c/ 0.37133 0.0064 
12 3.8 172.8c' 0.59529 0.0071 


"The intensities js ressed in terms of photons 4 a physiological unit cf 
ae (el cur by Troland bidh mk makes allowance for variations in pupil 
Troland, "The ME chm of visual stimulation eaten 
sl Psychot., 2, 1917, 1-24). Hecht has modified Troland’s definition 
the photon as the retinal illumination produced when the ae looks at 
p rightness of 1 millilambert thro a pupil of 1 sq. mm. (ef. 8. Hecht, The 
shui between visual acuity and illumination, J. Gen. Physiol., 11, 1928, 261). 


uy 
280 GRAHAM AND GOLDMAN 


The relationship, however, is not regular. Between areas 3 and 4 a 
distinct break is to be noted:in the intensity values. ‘This means, of 
course, that the small areas (1, 2, 3) require an increase in intensity 


which is out of proportion to the decrease in area. Considerations . 


concerning the possible significance of this break in the curve will 


be taken up later. A similar break in the intensity values occurs - 


between areas-8 and 9. The results as obtained in the preliminary ex- 


periments without artificial pupils (those in which a greater number of | 
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Fig. i. RELATION BETWEEN THE Sum OF THE ÜTIMULUS-ÁREA- AND THE 
INTENSITY THRESHOLD 


intermediate determinations were made) seem to verify this observa- 


tion. An interpretation of this discontinuity will be made later also. 

The two solid straight lines drawn through the points of the 
curve indicate the fidelity with which the equation obtained with 
Reeves’ data applies to the present measures. a lines are drawn 
so that any point satisfies the equation AI'5* = K, (the value of K 
differing in each line) or approximately 49.755] = k. (It makes little 


difference whether we consider area or intensity as the independent - 


variable.) We may note that this equation provides only the crudest 
of empirical descriptions.. The broken line through the data is s 
more accurate index of the true relationship. ! 
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"The results as presented make it clear that an increase in the 
number of retinal elements available for stimulation has as its cor- 
relate a decrease in the amount of light energy per cone necessary for 
stimulation. The reciprocal relation is not a regular one. There are 
two discontinuities in the curve relating the two variables. These 
will be clearly distinguishable in the curves to be presented in a 
later section. 


In considering the discontinuity in the curve which is found after area 3 the 
writers find it necessary to raise a point which centers around the following fact. 
When we work with stimulus-objects of small area it is certain that the size of the 
retinal areas stimulated are not those which geometric optics would indicate. 
This state of affairs is due to conditions of scatter and other optical defects. 
It might be argued that the break in the curve following area 3 is due to such 
factors. Such a hypothesis may be tested by plotting the product of area and in- 
tensity against the diameter. If the break still ocours, we must assume that 
scattered light cannot account for our results. The reason for such a graph is 
clear. If the light is scattered the stimulated area is larger than that dictated by 
geometrical optics, but the intensity per unit area is Smaller. The product of 
area, and intensity when plotted in the previously described manner should show 
no discontinuity if this source of error is a factor. When the results of the present 
experiment are treated in this manner it is found that the break still occurs 
after area 3. 

We may mention that with red light (without artificial pupils) the equation 


` Intensity X Diameter = C seems to hold over a wide range of the curve. The three 


smallest areas tested in the final series with white light were not, however, used in 
these early observations. The constant varies in value from 0.00019-0.00028. 
The preliminary experiments with white light (smallest areas eliminated, no 
artificial pupils) show that the same relation holds. In this case the constant 
varies between 0.00013 and 0.0002. Intensities are in terms of millilambertse. The 
diameters are the retinal diameters. Little significance is attached to these ex- 
preasions because of the fact that it seems impossible to derive any meaning 
from them. l i 
Inienstty and number of cones. In order to arrive at a better under- 
standing of our results we have extended our analysis to take into 
consideration the number of cones available for stimulation in each 
of the retinal areas tested. A formulation involving area and in- 
tensity means little, because of the fact that the cones are not dis- 
tributed in such a manner that we can consider the number as di- 
rectly proportional to the area. The population is less dense along 
the superior-inferior axis than along the temporal-nasal axis. Further 
than this, there is a definite decline in the number of cones per unit 
area as the distance from the center of the eye increases. 
Determinations of the number of cones available for stimulation 
in each of the retinal areas tested were made on the basis of the ob- 
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servations of Rochon-Duvignesud.! , Photomicrographs of sections ' 


through the fovea comprise an important part of the work of this 
investigator. All of the photomicrographs are of vertical sections 
showing the different layers of the retina and give excellent length- 


Mmbrr dine 
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Fia. 2. RxLATION BETWEEN THE NUMBER oF CONES AND THE DISTANCE FROM 
THe CENTER OF THR RETINA 


wise views of the cones. Since the magnification is given, we were 
able, by careful measurement, to determine the linear number of 
cones contained in given distances from the center of the fovea. The 
measurements were carefully checked with those of Rochon-Duvign- 
eaud with respect to width and height of cones. Beceuse of the fact 
that the sections were cut only along the superior-inferior axis, we 
could not determine the average distribution along the four axes, 


::Rochon-Duvigneaud, Recherches sur lg fovea de la rétine humaine, Arch. 


d’anat. microscop., 9, 1907, 315. 
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and so we present the data as the average distribution of cones for 
the superior and inferior axes only. 

Fig. 2 gives a graphical presentation of the way in which the 
number of cones (linear) varies with the distance from the center of 
the retina. This graph was drawn on a large scale, and when the 
number of cones for a given radius of retinal area, was determined we 
read off the number of elements corresponding to the retinal distance 
of the radius. This reading was checked by means of linear inter- 
polations of the tabulated material. Results obtained by this method 
are given in Table IT. 


TABLE O 
IwTENBITY AND NuxBER oF Conus ALONG RADIUS or RETINAL IMAGE 
Stimulus Intensity 
ares . No. Cones (photons) 
I 2 I.96 
2 3 1.23 
3 4 1.19 
4 5 0.339 
5 6 0.239 
6 7 0.194 
7 9 0.104 
8 20 0.056 
9 47 ' 0.012 
10 64 0.0093 
II 85* 0.0064 
I2 96* 0.0071 


“These two values were determined by extrapolation of the curve constructed 
from the data ot Rochon-Duvigneaud. 


Here are presented the number of cones lying along the radius of 
each of the retinal images given by the different sizes of diaphragm 
together with the corresponding threshold intensities. Fig. 3 gives a 
graphical picture of the relationship. The logarithmic graph is pre- 
sented for the reason that the range of intensities encountered war- 
rants such treatment. While it is true that the number of cones is 
not so great as to necessitate similar manipulation, it is certain. that 
the data appear in a more balanced manner if the procedure is adopted 
in the treatment of the cones also. 

In order to arrive at an approximation to the number of elemenis 
in the different retinal areas, the number along the radius was 
squared and multiplied by a constant which careful estimation de- 
termined as 4. This expression is equal to the square of the number 
lying along the diameter. The number as calculated in this manner 
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takes care of the fact that the number lying on the superior-inferior \ 
axis (the basis of our calculstions) is smaller than the number lying 
on the temporal-nasal axis.  — 

The relationship existing between the available number of cones 
and the threshold intensities is given in Fig. 4 which is a graph of 
log I as a function of log Number Cones (total). Figs. 3 and 4 show 
that the discontinuities found in Table I and Fig. 1 still exist in the 
present treatment. 
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Fira. 3. RELATION BETWEEN THE INTENSITY THRESHOLD AND THE NUMBER OF 
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DISCUSSION: 


In discussing the results of this experiment we have consistently 
stressed the fact that the relationship between number of cones and 
intensity is a discontinuous one. The first break in the curve occurs 
when the retinal area stimulated increases from approximately 
0.00041 8q. mm. to 0.00064 sq. mm. (64 to 100 cones). At this point 
there is found a precipitous decrease in the intensity necessary for 
stimulation. 
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Fie. 4. RELATION BETWEEN THE ÍNTENSYTY THRESHOLD AND THE TOTAL 
UMBER OF CONES ÁVAILABLE 


The second abrupt change occurs when the number of cones in- 
creases from 1600 to 8836 (areas o.ox sq. mm. to 0.041 sq. mm.). 
(This break was verified in the earlier series under conditions where a 
greater number of intermediate areas were presented to the subject.) 
We are led to believe that this latter change of slope is due to the 
presence of functioning rods. Such an interpretation is made plausi- 
ble because of the fact that the diameter of the rod-free area has been 
determined as about zoo (Rochon-Duvigneaud): The vertical line 
in Fig. 3 designates the approximate position on the curve where the 
rod-free area ends. It is to be noted that the position of this line and 
the break in the curve coincide very well. Because of the agreement 
we find it probable that the second discontinuity can be attributed to 
the presence of rods. 
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It is impossible to attribute the abrupt change after the third of 
the smallest areas to a similar enatomical feature of the fovea. The 
photomicrographs show that there is no topographical correlate for 
the sudden change in slope. We are left, then, with the conclusions 
that the discontinuity must have its basis in some functional process. 

The data show that with very small retinal areas (making avail- 
. able for stimulation only a small number of cones) a disproportionately 
high light intensity is required to produce a threshold effect. When 
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Fia. 5. RELATION BETWEEN Log I AND THE RECIPROCAL OF THE - 
NuMBER OF ÜCoNES AVAILABLE 
(Because of the range of stimulus-areas used-and the difficulty of representing’ 
all of them in one graph, the data from areas I, 2, 10, EI, and 12 were not 
. included in constructing this curve.) 


the number of end-organs reaches a certain minimum (approximately 
50-00) there is a decidedly lower light requirement. The only 
interpretation which can be made of such a disproportionate decrease 
in the light intensity is that there is coming into play a type of 
physiological process which requires a certain number of end-organs 
before its threshold of activity is reached. When the number of cones 
is below this threshold number, each element requires a high in- 
tensity for stimulation. 

The form of the curve after the first break is approximately what 
one would expect from the work of Adrian and Matthews. As the 
area increases the threshold intensity of light decreases in a regular, 
hyperbolic manner until (if we Judge from the form of the curve) an 
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increase of area ceases to affect the intensity. On the other hand, the 
behavior of the small areas is best described by: an independent curve. 

Since the relationship of area and intensity over a large range is 
not & simple one we must conclude that the total process initiating the 
nerve impulse is different with very small areas from what it is with 
larger areas.. There can be little doubt that the sudden change in 
intensity as the number of cones increases from about so to roo is 
due to the development of the summation process which takes place 
in the synaptic layers of the retina. The mechanism of the process is 
obscure. The results of this experiment point to the fact that with 
small numbers of end-organs there is little or no summation. As the 
number available for stimulation increases from approximately so 
to roo the threshold for interaction (or at least for a more efficient 
interaction process) is reached.# 

We are led to believe that our results cannot be interpreted on the basis of 
an alternative possibility, t.e. Hecht’s concept of a statistical distribution of 
thresholds as affording an explanation for the area-intensity relation.“ It would 
follow from the application of this idea, that a plot of log I against the rectprocal 
of Number of Cones Available would give an approximately straight line with 
positive slope. Such & state of affairs follows from the assumption that the 
number of elements brought into play in a given region is approximately pro- 
portional to the logarithm of the intensity, and from the idea that it is the number 
activated which determines the threshold. Fig. 5, which shows the data of this 
experiment treated in this manner, demonstrates considerable deviation from this 
expectation. Although the test cannot be considered critical, the deviation from 
the expected relation leads us to examine our results in terms of interpretations 
dealing with synaptic reactions similar to those demonstrated by Granit and 
Harper“ who have shown that reflex activities having summation and occlusion 
aspects play definite rôles in vision. Statistical distribution of thresholds is not 
excluded as a contributing factor, but it is UEM to see how it alone can exp 
ihe results. 


SUMMARY | f 


A critical summary of some of the early work on the problem of 
the relation of area and intensity of visual thresholds has been pre- 
gented. Itisshown that in most instances the experimental work has 
been inadequate. There follows a brief description of the recent work 


?Itis necessary to point out that the possibility of a shift in fixation in the 
case of the small areas cannot account for the ta. Such shifts are known to 
occur in dark- dix dieu However, such a shift would be in the direction of a 
retinal area of higher sensitivity and the threshold would be lower. Further, we 
believe that the presence of the luminous orientation spots would eliminate all 
tendencies in this direction. 

38, Hecht, op. ct., 278. 

MR, i iras and P. "Harper, Compa-ative studies on the peripheral and central 
retina: II. Synaptic reactions in the eye, Amer. J. Physiol., 95, 1930, 211-228. 
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of Adrian and Matthews on the measurement of action currents from 
the optic nerve of the eel, together with a discussion of the theoretical 
implications of the investigation. 

By means of a method which has been described we attempted to 


determine the relationship existing between, the intensity of the 


threshold: stimulus and the area of the retina (predominantly the 
fovea) stimulated. The results as obtained make it clear that no 
simple relation exists between the two variables. 

Nor is there a simple relation existing between intensity at num- 
ber of cones for the areas tested. With small areas a disproportion- 
ately high light intensity is necessary for stimulation. When the 
area is such that it comprises 50 to 100 cones there is a sudden de- 
ereage in the intensity required. This change of relation is inter- 
preted’ as signifying the arousal of an interaction process which re- 
quires a minimum number of end-organs (or nerve fibres) before it 
reaches its maximum efficiency. 

Another discontinuity is found in the curve relating number of 
cones and intensity when the number increases from 1600 to 8836. 
We are led to believe that this change of relation is brought about by 


the presence of functioning rods.: ‘Determinations concerned with : 


the limits of the rod-free area strengthen this supposition. It is 


found that the number of cones within the rod-free area and the - 


number in the vicinity of this break are approximately. the same. 


AFFECTIVE CONTRAST BETWEEN MODALITIES 
By Ars J. Harris, Purdue University 


In a previous paper by the writer,! evidence was presented which 
showed that affective contrast between experiences of the same 
modality is of the nature of mass-contrast, adequately described by 
the law of affective equilibrium. This law is stated as follows: 
“The affective value of the experiential correlate of a stimulus 
varies conversely with the sum of the affective values of those ex- 
periences preceding this correlate which constitute with it a unitary 
temporal group.’ From that evidence no prediction could be made 
whether affective contrast could occur between experiences of dif- 
ferent modalities, or what the nature of such contrast, if found, - 
might be. The experiments reported below were performed in an 
attempt to answer these questions.’ 


EXPERIMENT I 


The apparatus consisted of (1) 90 white cards, 4 in. square, on which were 
mounted 1-in. squares of 90 different Milton Bradley colored papers; (2) 23 1-oz. 
bottles containing 5 ec. of 23 odorous liquids; (3) the presantation-box—a large 
box with metal top and front, containing a glass turntable. Stimulus-botiles 
placed by E on the turntable, at the open back of the box, could be brought 
quickly around under a hole, in the top front, at which the O sniffed. Color cards 


* Accepted for publieation March 17, 1931. 

1A, J. Harris, A study of affective contrast, this JOURNAL, 41, 1929, 617-626. 

2J. G. Beebe-Center, The law of affective equilibrium, tbid., 41, 1929, 64. 

4A more complete account is given in the writers dissertation, tudsea of 
Affective Contrast, on file in the Harvard University Library. The writer wishes 
to acknowledge his indebtedness to Dr. J. G. Beebe-Center, for suggestion of the 

blem and invaluable help throughout; and to Dr. E. G. t Boring and Dr. H. H. 
hon for valuable criticism, especially o n the statistical aspects of the work. 

*The odorous paute in approximate eder of s rise were: 


Oil of jasmine of thyme 

7 a Ceylon cinnamon "  petitgreir 
sweet orange " " patohouli 

1 3J cloves 33 3? rosemary 

)) Y »” carnation : n” rose geranium 

7. " bergamot > 9 

E ii Cananga — Denatured red aloohol 

» » Juniper berries Biel uds 

; anise dtvl mtra 

5 n ie Tier d asafoetida 

enn eric aci . 
Carbon disulphide 


The xen dad oils were obtained from Fritsche Bros., N.Y.C. 
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were exposed through an aperture in a gray cardbord screen, attached to the top 
of the box. The Os were Mesers. W. D. Turner (Tu), K. W. Oberlin (Ob), H. L. 
Kim (Kt), and Miss D. Selling “Se). ADN were experienced in making affective 
judgments. 

In & preliminary series of judgments, the 9 most P (pleasant) and 9 most U 
(unpleasant) odors were selected for each O, giving individual P odor sets and 


U odor sets. On the basis of previous resulte, E selected for each O & set of 20 . 


colors about evenly distributed over the scale from very P to very U, for 
that O. The experiment proper invclved the presentation of the 20 colors alter- 
nating with 9 odors in one continuous series. A haphazard order of presenta- 
tion was arranged in which each color followed each of the 9 odors once. The 
experiment was divided into two parts, in one of which P odors were used, and 
in the other, U odors. For Tu and Se the P set was used in Part I and the U set 
in Part IJ; for Ob and Ki the U set was given first. Each part was completed 
in 3 hours, spaced 1 week apart, with no extra interval between parts. Each 
hour was divided into 3 series o? 20 colors and 20 odors each. The colors and 
odors were presented alternately, with an odor always first, and with an interval 
of approximately 15 sec. between esch 2 stimuli. There was a rest of 3 min. 
between series. 

The instructions were as follows: 

Odors are to be presented to you one at a time. You are to take two sniffs of. 
each. and report whether the odor is very pleasant, pleasant, indifferent, unpleas- 
ant, or very unpleasant. After each odor a color will be ented. You are to 
judge the color in the same way as the ocors. Try to Judge each stimulus inde- 
pendently, avoiding all memory or assoctation effects. i 

Protocols made at the end of each hour were recorded verbatim by E. In 
calculating results, the judgments were given numerical values as follows: very 
P, +2; P, +1; indifferent, o; U, —r; and very U, —2. . 


Contrast might appear in this experiment in either of two ways. 
In the first place, each color might be more P after the more U odors 
of a given set than after the more P odors of the same set; this would 
be an individual contrast effect. In the second place, there might 
be a mass contrast effect, with the colors as a group, judged to be 
more P when intermingled with the U odors than when intermingled 
with the P odors. 


Individual effect of the odors. As each color followed each of the 
9 odors of a given set once, comparison of the average affective value 
of the 20 colors following one odor, with the average value of the 
same colors following anotker odor of the same set, will indicate 
any difference in effect of the two cdors. Table I shows the values 
obtained when this is done. It is noticeable that the figures on the 
right side of each horizontal line of averages are, if anything, slightly 
higher than the averages on the left side of the same line in any case. 
If there were individual contrast, the averages on the left, following 
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the relatively U odors, should be considerably higher. Furthermore, 
when the total averages are considered, the uniformity of the 9 
columns is striking. The average for the colors following the least 
P odors and that for the colors following the most P odors are equal. 
There is no indication that the individual odors of a given set had 
any differential effect upon the pleasantness of the colors. We may 
conclude, then, that there is no evidence of individual contrast in 
this experiment. | 
TABLE I 


Average ÁFFECTIVE VALURS OP THE Corongs FOLLOWING 
THB INDIVIDUAL Üpons 


Odor (Least P) Rank Order of Odors (Most P) 
0 Set I 2 3 4 5 6° 7 8 9 
Tu P 1.30 .85 1.55 .95 1.45 1.45 3.30 1.10 1.40 
U 60 .45 .55 .50 .85 .70 .55 1.00 .80 
Ob P 55 .30 .48 .48 .30 ..30 .40 .35 .53 
U 65 .25  .40 .55 .55 .65 .85 -43 -43 
Ki P .80 .85 .85 r.10 .80 .65 .70 .60  .75 
U .60 .60 .25 .35 .40. .40 .75 .45  .45 
Se P .00 .30  .I5 .20 .25  .10, .IOÒ ..IS  .20 
U .05° .20 .I5  .00 —.05 .15 .00 ..15  .00 
Av. 57-48 .55 .52 .57 -55 -54 .53 -57 


Mass effect of the odors. In Table II the total average affective 
value of the colors is shown for the two conditions, presented with 
P odors and with U odors. For 3 of the Os, the average is higher 
with P odors than with U odors. This type of effect—the opposite 
of contrast—we may call an assimilation effect. For the fourth O, 
there is a slight shift in the direction of contrast. 

The question immediately arises whether these shifts are actually 
the result of the change in odors, or show merely chance variation. 
Two statistical methods are available for testing the probable sig- 
nificance of the shifts. 


In one of these methods, which we may call Method X, the average affective 
value of the colors in each part of the experiment is considered as the mean of 9 
values, which are the average affective values of the 9 successive presentations 
of the 20 colors. The standard error of each mean can then be found, and the 
standard error of the difference between the two means.* 


5H. E. Garrett, Statistics in Psychology and Education, 1926, 128-33. 
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In the second method, Method Y, the shift is considered to. be the difference 
between the number of colora thal on the average became more P with a change 
in odors, and the number of colers that on the average became more U. The 
number of colors that on the avecage became more P with a change in odors, the 
number of those whose affective value did not change, and the number of those 
that on the average became more U, are given in columns 5, 6 and 7 of Table II. 
It is obvious that the greater the preponderance of changes in one direction over ` 
changes in the other is, the more significant it is. The relative significance of 
different degrees of preponderance can be stated statistically. The standard 
deviation of the proportion for a given category may be obtained by use of the 
formula: Oprop = [(p.q. )/w]t. 

When the standard deviations for the two categories (colors that became more 
P and colors that became less P) have been obtained, the standard error of the 
difference between the two categories (preponderance in one direction) may be 
found in the usual way. 


In general, the difference between two measures may be considered 
maximally significant if it is 3 or more times as large as its standard 
error.’ The results obtained by use of the two methods are shown in 
columns 4 and 8 of Table IL It is apparent that by both methods 
the shifts for Tu and Ki are statistically significant, and that by both 
methods the shifts for Se and Ob are of very doubtiul significance. 
It will, of course, be noted that the standard errors are based on 
what would ordinarily be considered too small a number of cases. 


TABLE IT 
SHIFTS IN THE AFFECTIVE VALUE OF THE COLORS WITH A CHANGE ` 
IN Onor Ners: Exrerrment I 


r^ dw o7 4 4 5 6. 7. 8 

Color | Color Shift | Method No. No. No. Method 
av. av. in X  ' colas . colors colors Y 
0 after after color D/oasx. higher with higher D/can. 

P odors U odora av. after no after U 

P odors change odors 

Tu 1.25 .67 .58 at 5.58 #7 I 2 7.21 
Ob .40 .49 .09 ct 1.323 7 2 `H 1.30 
Ki -79 -47 .32 8 3.45 I5 3 2 5.04 
Se .17 .  .08 .09 & 2.78 9 5 6 .99 


* ‘a’ indicates assimilative shift; ‘c’ indicates contrast shift. 


That is an avido result of the experimental procedure, and 
must be considered as a limitation upon the conclusions to be drawn. 


eT. L. Statistical Method, 1923, 8 
: repr a 923, 86-90. 
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The protocols of the Os agree with the statistical conclusions. Tu reported, 
after an hour with the P odors, that a state of great exhilaration had been built 
up, and that, although he tried to avoid calling the colors more pleasant because 
of this general state, he did not know if he had succeeded. Ki reported, after 
an hour with U odors, that it was harder than usual to get pleasure from the colors. 
Other similar reports were made by these two Os. Ob and Se both reported that 
the odors had no effect upon their judgments of the colors. 


Discussion. This experiment shows definitely that affective con- 
trast is not the usual result of inter-modal affective stimulation. Of 
the 4 Os, only one gave any sign of contrast, and then the amount 
was so small as to be statistically doubtful. The experiment also 
shows that for some Os an assimilative effect may occur; colors will 
be judged to be more P when intermingled with P odors, and less P 
when intermingled with U odors. The influence in these cases seems 
to be the result of a general mood created by the odors. 

The idea that moods may influence affective judgments is not 
new. The effect of a headache or toothache upon one’s aesthetic 
appreciation is a commonplace of everyday experience.  Experi- 
mental evidence on the question, however, is slight. Recently, P. T. 
Young has reported a case in which, during an experiment on the 
constancy of affective judgments, a marked drop in pleasantness 
occurred on a day when the O was in an unusually unpleasant frame 
of mind.* It is probable that strong moods, caused by factors nct 
' controlled by the experimental situation, would result in assimilative 
effects similar to those found in this experiment. The reports of 
_ the Os, however, definitely give the odors as the cause of the general 

states they describe, and the moods reported were always in accord 
with the type of odors presented. 

The fact that no clear evidence of intermodal affective contrast 
was found in this experiment did not mean that such an effect would 
never occur. Special circumstances might be necessary which were 
not provided in this experiment. Accordingly, further experimenta- 
tion was planned. | 

i EXPERIMENT IT 
The apparatus was the same as in the preceding experiment. The Os were 
Messrs. Oberlin (Ob) and Kim (Ki) from the preceding experiment, and 6 new 
Os, Miss J. Steinberg (Si) and Messrs. W. A. Hunt (Hu) M. H. Lewis 
(Le), J. D. Frank (Fr), E. J. Ludvigh (Lu) and M. Sherif (SA), all research 
students in the Harvard laboratory. For Ki and Ob the same colors and odors 


were used as in Experiment I. For the other Os, individual P and U odor sets 
were selected as in Experiment I, after one hour of preliminary judgments on 


sP. T. Young, Studies in affective psychology, this JoURNAL, 42, 1930, 26. 
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odore alone. A set of 20 colors, used for all of these Os, was selected by E. The 
order of presentation of colors and odors was the same as in Experiment T. 

The experiment had 3 parte. For St, Hu, Le, Fr, and Lu, the colors were 
presented intermingled with the U odora in the first part, then with the P odors, 
and finally with the U odors again. For SA, Ki, and Ob, the P odors weregiven 


first, then the U odors, and finally the P odors. Each part consisted of 3 experi- . 
mental hours, as before. The hours were spaced 1 week. apart, with no extra 


interval between parta. The instructions were essentially the same as in Exper- 
iment I. 
Individual effect of the odors. 
20 colors following each odor of a given set was calculated as in the 
preceding experiment. As before, the averages for ail Os were prac- 
tically the same, following the least P odors of a set, as they were 
following the most P odors of the seme set. No traces of individual 
effect of the odors were found. | 


U-P  Á.34  .57 


The average affective value of the 


TABLE MI 
SHIFTS IN THH ÀÁrYECTIVE VALUB OF THE re re IN ODOR xs 
Exruriment H ; 
I 2 '3 208 6 7 8 
Change Color Color Shift Method No. No No. Method 
O of &V. | av in X colors colora colos Y 
odors after after color 3 =9D/oas. higher with higher D/caig:. 
P odora U odors ay. aftr P no after U ; 
odors Mad 'odora 
St U-P .56 44 126 3.58 8, . 4  I.42 
P-U . 56 59 03 & 1.14 4 II 5 .36 
Hu  U-P 4 32  .098 95 | 9 4 7 .65 
P-U — .41 49  .98ec* 75 6 5 9 -99 
Le U-P .55 47 .08 & I.I4 12 3 5 2.39, 
P-U .55 67 -I2 c 2.309; 6 4 IO 1.32 
Fr U-P 25 17 .08 & I.31 II 4 5 2.04 
P-U .25 22 03 8 .55 9 2 9 0.0 
Lu U-P  r.18 53 .65 8 13.68 18 2 O 13.44 
P-U 1.18 25 .93 8 16.52 20 0 o — 
Sh P-U .54 86 .32¢ 3.09 2 2 16 £6.31 
U-P . 56 86 .30 e 3.23 2 8 I0 2.98 
Ki PU 92 .85  .07& 82  .9 5 6 .99 
U-P .87 . .85 .92 & .22 8 2 IO .64 
Ob | PU  .06 .57 .gí1ce. 6.88 I I 18 10.64 
23 e 2.95 4 4 12 2.84 


129 65 126 


* ‘a indicates assimilative shift; ‘oc’ indientea contrast shift. 


i 
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Mass effect of the odors. The main differences between this exper- 
iment and the preceding one were the greater number of Os and the 
addition of a third part. It was hoped that this would give a better 
opportunity for individual differences to appear, if that were the 
solution of the problem, and also that the more extended experiment 
might offer a condition, necessary for the occurrence of contrast, 
that was not present in the first experiment. 


The results for the 8 Os are summarized in Table IIT. The total 
color averages for each part are shown in columns 1 and 2. Column 
3 shows the amount and direction of the average shift between each 
two parts. ‘The directions in which the individual colors shifted are . 
shown in columns s, 6, and 7. The results obtained by applying 
Methods X and Y are shown in columns 4 and 8. 


It will be noted that for St, Hu, Le, Fr and Ki, not one shift is indicated to be 
significant by both methods. The first shift for St, a small shift in the direction 
of assimilation, significant by Method X but not by Method Y, is statistically the 
most significant. However, it is no larger in amount than the second shift for 
Le, which is of doubtful significance by both methods. For St, Hu, Le, and Fr, 
the two shifts are in opposing directions, one in the direction of contrast and one 
in the direction of assimilation. For K+, both shifts were in the direction of 
assimilation, but were too small to be considered significant. When the total 
" number of colors becoming more P after P odors is compared with the total num- 
ber of colors becoming more P with U odors, it is evident that there has been no 
tendency in either direction. Tossing of coins could aims give a more nearly 
even division than 126 and 129. 


Since 5 of the 8 Os show no significant shifts in either direction, 
and the number of colors that shifted in an assimilative direction is 
practically equal to the number that shifted in a contrast direction, 
we may conclude at once that alternate presentation of affective 
stimuli is not, in itself, sufficient to produce either contrast effects 
or assimilation effects. . 

The results from the other 3 Os, however, show definite shifts. 

The figures for Lu show two very large shifts in the direction of 
assimilation; the colors became more P when mingled with the P 
odors, and less P when presented with the U odors again. Both 
shifts are highly significant by the two statistical methods. For 
Sk and Ob both shifts were in the direction of contrast. In each case 
the two shifts-were fairly large, the first shift being slightly larger - 
for both Os. The first shifts for both are significant by both methods. 
The second shift for SA is significant by Method X, while by Method 
Y the probability that it is significant is 99.9 in roo. The probability 
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that the second shift for Ob is significant is 99.85 in 100 by Method X, 
99.76 by Method Y.? It seems evident that for these two Os we have 
evidence of definite intermodal affective contrast. 

Discussion. In an attempt to discover factors that might have 
been responsible for the different kinds of results obtained, each O 
was requested to answer a cet of questions at the conclusion of the 
experiment. The questions were as follows: 


(1} Did the odors and colors seem to come in one continuous series, in pairs, 
or as two separate series? 

a 5 d you judge the colors and odors on the same scale? 

daon notice any influence of the colors on the odors or of the odors 

on the are 

(4) Did you notice if moods of pleasantness or unpleasantness were ever 
set up by the odors? 
g S) o the pleasantness or unpleasantness of the odors ever last through 

e colors 
+8} Did you ever make any Judgments that were based on memory? 
7) What did you think was the purpose of the experiment? 


An examination of the answers td these questions showed no one 
point with respect to which the two Os whose results showed contrast. 
shifts differed from the rest of the Os; indeed, they did not agree 
very well with each other. Analysis of their individual answers, 
however, seemed to show what had been happening. 


Ob had been one of the Os in Experiment I, and in that experiment had not 
given evidence of significant contrast. During that experiment he reported that 
the odors and colors were entirely separate, "as if there were two.experimente at 
the same time.” After the present experiment he reported that there had been a 
fluctuation between two series and one continuous series. This seems to indicate 
a- gradual coalescence of the two kinds of experiences into a subjectively unitary 
group, thus producing the condition necessary, according the law of affective 
equilibrium, for the occurrence of & mass contrast effect. Such subjective group- 
ing between experiences of different modalities, would.seem to require long 
familiarity with the two kinds of stimuli presented in an objectively unitary group. 
Sh, the other O, whose results showed shifts in & contrast direction, did not have 
the background of familiarity with the odors and colors together that helped to 
produce subjective grouping in the case of Ob, and his answers showed that he 
experienced the odors and colors as forming two separate series. Shortly before 
starting to observe in this experiment, however, he had read Beebe-Center’s 
paper on affective equilibrium, and had expected some such effect to oocur. He 
was the only O who had definitely expected one kind of result while making ob- 
servations. It is probsble that this expectancy was the main factor responsible 
for the observed contrast effects in his case. 

Thus, of the two cases of contrast, one seams to be an instance of intermodal 
masa contrast of the type described by the lew of affective equilibrium, dependent 
upon the grouping together of the two kinds of experiences. In the other case, 
the observed contrast may have been an artifact produced by expectancy. 


‘Garrett, tbid., 134. 
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, 
The answers from Lu, the O whose results showed marked assimilation, were 
similar in many respeets to the reports of Tu in Experiment I. Both reported 
that moods created by the odors influenced their Judgments of the colors. Both 
also reported two kinds of attitudes. One attitude could be characterized as 
rather passive and uncritical, with spontaneous judgments; this they correlated 
with & strong tendency to assimilate. The other attitude was more active, in- 
volving more critical judgments; with this, they reported, the tendency to assimi- 
late was weaker, if not entirely lacking. As to the 5 Os whose results showed no 
significant shifts, one of them, Ki, had taken part in Experiment I and then had 
shown significant assimilation. His answers at the close of the present experi- 
ment showed that the effect of the U odor set had decreased, in: hia case, to the 
point where no definite moods were set up; with the disappearance of the moods, 
the tendency to assimilate also disappeared. Of the 4 other Os, St and Fr reported 
_ no moods and no grouping between the odors and colors. Le and Hu both re- 
ported the presence of moods created by the odors, and also reported definite 
attempts to prevent these moods from having any effect upon their Judgments. 
Le reported no grouping, while Hu reported possible grouping between the odors 
and colors. It is worthy of note here that Sh, whose results showed contrast and 
who reported contrast, also reported that it took effort to avoid judging the colors 
according to moods induced by the odors. Thereports of Le, Hu, and Sh seem to 
show further instances of the ‘critical’ attitude M EE as occasional by Tu 
and Lu. 


It would seem, from these results that there are two conditions 
necessary for the appearance of valid assimilation effects in the results. 
One is the existence of a fairly strong mood of pleasantness or un- 
pleasantness, created by the odors. The other is the presence of a 
certain type of attitude which may roughly be described as 'un- 
critical.’ 

There is a strong resemblance between the ‘critical’ and ‘uncrit- 
ical’ attitudes noticed in this experiment and the ‘objective’ and 
‘physiological’ (‘intrasubjective’) attitudes described by Bullough.?? 
But while Bullough has considered these attitudes to be characteristic 
of different types of subjects, the present writer is inclined to consider 
them as temporary attitudes which can both be adopted by an O 
at different times in the same experiment. 

It is possible that different results would be obtained, if different 
. modalities than those used in the present experiments were employed. 
It would be interesting, as a check upon the conclusions drawn from 
the evidence of the present experiments, to see if the tendency to 
assimilate would become less, if stimuli less extremely P or U than 
odors are used, and whether the relative frequency of cases of con- 
trast would increase in proportion to the amount of similarity be- 

oe Recent work in E aesthetics, Brit. J. Psychol., 12, 
1921, 
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tween the modalities. An experiment designed to promote subjective 
grouping between two modalities should demonstrate whether such 
grouping is necessary for the occurrence of intermodal contrast. A 
modification of the present technicue, requiring the Os to make 
paired comparisons between stimuli of the two modalities, as well 
as absolute Judgments of the individual stimuli, should meet this 
requirement. 

Nothing is known about the laii of affective contrast to 
somewhat similar phenomena in other fields of judgment. Holling- 
worth's experiments, which led to his formulation of the concept of 
the ‘central tendency of judgment," and more recent experiments 
by Truman and Wever? and Wever and Zener? have shown the 
dependence of absolute judgments upon the total experienced situa- 
tion in other fields. It is possible that a generalization of Beebe- 
Center’s law of affective equilibrium will apply to the method of 
absolute judgment in any field where such judgments can be made. 


f 


SUMMAEY 

In the two experiments which have been described, an attempt 
was made to see what changes might be produced in judgments of ` 
the affective value of stimuli of one modality, when they were pre- - 
. sented intermingled with affective stimuli of another modality. 
The results may be summarized as follows: 

'(x) Affective contrast does not usually result when odors and 
colors are presented alternately in a continuous series. In such a 
situation, there is no single type of influence by the odors upon the 
judgments of the affective value of the colors that will appear in 
every case. In slightly more than half of the cases observed, there 
was no significant change in the affective value of the colors when 
P odors were substituted for U odors, or vice versa. 

(2) Affective contrast, while not the usual result of intermodal 
affective stimulation, may sometimes occur in such a situation when 
special conditions are present. It has not been definitely established 
what these special conditions may be; there is some evidence, however, 
that subjective grouping by the O of the two kinds of experiences 
into a unitary group is one, and perhaps the main, factor. 

uH. L. Hollingworth, The inaccuracy of movement, Arch. Psychol., 2, 1909, 
No. io 21-39; The coves ap al 2 o oe hay J. Philos., 7, Ts 461-4 

"S. R. Judgment of pitch as a function of the 


series, Unit. qon "Pus Pi | 3, 1928, 215-2 
ah, G Wever and K. E. , Zener, The method oF absolute judgment, ‘Psychol. 


Rev., 35, ios 474-477- 
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(3) When a definitely P or U mood is induced by strongly 
affective stimuli of one modality, judgments of the affective value 
of stimuli of another modality, during the same period of time, tend 
to be influenced in the direction of the prevailing mood. The name 
affective assimilation has been used for such an effect. Ifthe Oreports 
himself as adopting a rather critical attitude in judging the stimuli, 
this tendency will not be apparent in his actual judgments; if he 
reports himself as adopting a rather uncritical attitude, the tendency 
will be quite noticeable in the results. 


J EMOTIONAL EFFECTS PRODUCED BY THE 
INJECTION OF ADRENALIN 


By Haput PANTI and WILLIAM A. Hon, Harvard University- 


In his paper on the emotional action of adrenalin, Marañon’ 
stated that the injection of adrenalin produced in his Ss only a “cold, 
emotion," a feeling “as if afraid," “asif about to cry.” True emotions,. 


however, were aroused in & very few cases, both spontaneously and by 


suggestions; but he attributed these to the emotional predisposition of : 
some Ss. He therefore concluded that the mere injection of adrenalin, : 


with its consequent stimulation of the sympathetic nervous system, 


was not sufficient to cause a genuine feeling of emotion. It seemed ` 


to the present authors that Marafion did not give sufficient emphasis 
to those Ss who reported genuine emotions, and that he was not 
wholly successful in explaining them by predisposition. Cannon? and 
Wheeler? accept his resulta. Woodworth‘ follows Cannon; ` Bard’ 
even goes tó the extreme of not mentioning the cases involving genuine 


emotion. Landis’ is more fair in his treatment, and mentions the . 


need for further work on this: point. Consequently, the present 
writers determined to test the emotional results of adrenalin on a 
group of norna] observers, checking carefully any emotioùs that 
might appear.” It seemed desirable to approach the matter in a 
purely psychological way, rather than to use the combined clinical, 
medical, and psychological approach of Marañon. : 

* Accepted for publication February 14, 1931. 
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James-Lange theory of the emotions. "Their interest lay medo n e gm 
implieations of the work, and not in ita Merci ipa to any 
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There was one point in particular on which the work might shed 

light. This is the supposed relation of pleasantness and unpleasant- 
" ness to the antagonistic action of the cranio-sacral and sympathetic 
divisions of the autonomic nervous system. F. H. Allport? has based 
his theory of emotion upon this hypothetical relation. He states: 
“The cranio-sacral division of the autonomic, supplemented under 
certain conditions by the cerebrospinal system, innervates those 
responses whose return afferent impulses are associated with the 
‘conscious quality of pleasantness. The sympathetic division pro- 
duces visceral responses which are represented in consciousness as un- 
pleasantness."? In a recent popular presentation, F. H. Lund even 
goes so far as to call the sympathetic system the “tension nerves" 
and the cranio-sacral the “pleasure nerves." As Hulsey Cason 
points out, this relationship still remains to be shown in spite of its 
widespread acceptance." The feeling states produced by sympathetic 
innervation through the injection of adrenalin might have an im- 
portant bearing on the question. 


THCHNIQUE 


The ME technique involved the intramuscular injection of 1.5 c.c. of 
adrenalin chloride. The standard Parke-Davis undiluted solution (No. 88) waa 
used. Previous experimentation had shown that a dose of this size would produce 
a very definite reaction and still be harmless to the patient. As the interest was 
primarily in the psychological reacticn, the only objective check used was the 
pulse rate. This was taken at frequent intervals. Previous work had shown 
this to be reliable, as the rate always suffers a slight drop at the onset of the 
syndrome. A secondary check is the noticeable increase in the strength of 
^ the pulse. 

The Os used were Mesars. E. Land (L) and R. Proskauer (P), Harvard 
undergraduates; A. Wheelwright (W), graduate student in the Department of 
Physics; C. BoDine (B), Simeon Cantril (SC), and J. Goodman (G), medical 
students; S. Rosenzweig (2) of the Psychological Clinic; J. Logan (JL), a law 
student, and Mrs. E. Hunt (EH). In the first two-thirds of the experiment, the 
authors also acted as Os and their results are included under C (Cantril) and H 
(Hunt). 

The experiment itself fell into three sections. In the first section, W, L, P, 
B, G, C, and H were all given a single injection of adrenalin. O was first asked 
if he were emotionally predisposed in any way at the time. (If so, he was dis- 
missed until a later appointment). He was then required to rest for 5 min. 
After this his pulse was taken and the adrenalin injected. The O was then seated 


sF. H. Allport, Social Psychology, 1924, 89 f. 

tbid., 90. 
uF, H. Lund, Emotions of Men, 1930, 115. 
UH. Cason, Pleasant and unpleasant feelings, Psychol. Rev., 37, 1930, 230. 
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at a table with pencil and paper and asked to write his introspections. His pulse 
was taken every few minutes. In two cases, two Os were seated in the same 
room, separated only by a screen. 

In the second section, C, H, L, and new Os, JL and EH, were each given 
two injections. One of these injectians, unknown to the O, consisted merely of 
a normal salt solution which afforded a check on the validity of the syndrome. 
The general procedure was the same as above. ` 

In the final section, the experiment was repeated under more rigid conditions 
to check the previous data. The experimenters themselves did not observe. 
JL, EH, L, and two new Os, SC and E, were used. Each was given two injec- 
tions of adrenalin. At the beginning of each sitting the Oa"were asked the three 
following questions: 

Do you at present feel eny disposition toward any particular incid state? 

Has anything (either physicelly or mentally) n the last few days or quite , 


recertly happened to disturb your normal state 
Can you recall any dreams that you have or in the past few nights? 


If the answers to the first two questions were negative, and the third failed 
to reveal any disturbing dream content, the experiment proceeded. Otherwise, 
the O was dismissed until a later date. After a 5-min. period of rest, O's pulse 
was aken and the adrenalin injected. His pulse was then taken again’ and he 
was handed the following instructions: 

You have been given an xA of adrenalin. You are now asked to report 
orally to the experimenter an as possible any physical or mental symp- 
toms which develop. Do nct omit anything no matter how irrelevant it may seem 


to you. Try not to become impatient and try to keep your mind free from any 
material not called up by the actual situation. 


‘The instructions were then removed and O was seated in an easy chait before 
a large grey screen. (In one case, that of R, the screen was unavoidably absent.) 
The E sat at a table behind the screen ready to take down the observations. 
No ane else was in the room. O’s pulse was taken every 5 min. and also immedi- ~- 
‘ately upon the report of the symptoms of the syndrome. 


RESULTS 

Physical symptoms. The physical symptoms which followed the 
injection of adrenalin were similar in the three sections.of the experi- 
ment. The physical syndrome always consisted of a muscular tremor 
localized particularly in the legs and hands, a tremor in. the voice, 
increased respiration, immediate slight decrease and subsequent rise 
in the'pulse rate, and an incregse in the strength of the heart beat. 
Several Os felt a tenseness in the viscera and others reported a tense- 
ness localized in. ‘the chest. 

Subsequent to the injection of the salt sition in the second part 
of the experiment, no Os reported any noticeable physical effects. 

The following are a few typical introspections concerning the 
| payee effects of the injection of adrenalin. - 


i 
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_ “General muscular tremor and lack of faith in my muscular control. Breath- 
ing 18 More conscious and seems even more necessary than usual.” (C) 
“Definitely conscious of strong heart beat. Feel a tremor in all my muscles, 
particularly hands and legs. Tremor in voice." (B) 
“Sudden release of muscular control. A tense feeling in chest and breath feels 
short. Heart pounding regularly and monotonously—like ‘Bolero’ (of Ravel)" (JL) 


It should be mentioned that all the Os experienced a prolonged 
muscular tremor in the arms and legs. This effect lasted in some 
, cases as long as two hours and is worthy of further physiological 
treatment in connection with the specific action of adrenalin. 

Subjective aspects. The subjective aspects will be divided into 
three parts, corresponding to the three sections of the procedure. 
(x) In the first part P, W, and G reported only the physical con- 
comitants of the syndrome. The following introspections illustrate 
this type of report. © 
sate par iy in hands. | Voice shaky. -Legs trembling. No 

“Trembling definitely in hands and arms. Resulting in difficulty in writing. 
Tremble in voice. Feel no more pleasant than before and ‘unpleasant are! AS 
much as trembling gives me a feeling of unusualness. No emotions at all. Calm 


and collected. Seem to have all the externals of excitement but no feeling of 
excitement.” (G) 


B, C, and H reported a ‘cold’ emotion. 


“Feel as though I had had a big scare, not fright but like a reaction after 
tremendous fright. Don’t feel unpleasant. If there is any affective state it is 
somewhat pleasant. Certain bodily restlessness but no worries, cares, or mental ` 
anxieties." (B) 

"Feel as I do either before an event in which I am to take an active part. — 
such as a public appearance or athletic competition or before some preety which 
I am anticipating. Likewise, it is much the same as the feeling I have atter being 
scared for an instant by a danger which passes almost as soon as it appears. 
General restlessness and lack of faith in my muscular response—and yet I want to 
do something to relieve this uneasiness. ... . An undirected uneasiness without 
cause and purpose and hence J am annoyed. No positive pleasant or unpleasant 
emotions but the desire to have one of some kind to relieve my restlessness.” (C) 


‘Bodily feeling of extreme nervousness. The bodily feeling almost swamps 

the psychic state, but the nervousness is wholly a matter of physical symptoms. 

I feel nervous, but I am not nervous. The reason seems lacking. I lack an object 

and the intellectual state is not fulfilled. To sum it up, I feel vaguely nervous, 

excited, but any definite emotion is lacking, and the excitement 1s a detached, 

bodily affair.” (H) 

L seemed to get something resembling & genuine emotion. 

‘Excitement (have felt like this in large class when I think I have a good dp 

88 


when raising my d). No elation, but a background of elation. F | 
I used to in a burst of creative activity (writing). A pleasant state, bly by 
association with such activity. Not unfamiliar. Used to attempt to bring on 


such states deliberately in adolescence. ..... During times of tremendous intel- 
leotual experiences in the past, times when my vision seemed peculiarly clear and 
far reaching, I have experienced similar reactions, but not even then go strongly. 
A tremendous illusion of power, vitality.” (L) ` 
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(2) In the second section of the experiment no Os reported any 
subjective symptoms subsequent to the injection of the salt solution. 

Following the injection of adrenalin, JZ noted marked physical 
changes but no psychic accompaniment. | 


“Muscles relaxed—sensation of no control. Throbbing of pulse through chest 
and back of head. Physical sensation as violent as any emotional reaction but no 
emotions present. Rather a distinct lack of them." (JL) 


A ‘cold’ emotion was reported by L and C. 


‘‘Whole reaction seems localized in chest. Feel like breathing deeply to shake 
it off. Heavier and more and mors like a feeling of great apprehension, except 
entirely localized. More accurately, chest feels as it does ing great appre-. 
hension, but this feeling so localizec. that I can introspect detachedly as if I were 
considering a slightly injured finger. ‘This reaction was dominated by a lack of 
coer a desire to withdraw, in shori all the elements of fear except mental 
pain.’ ; ai : 

“Feeling which is neither pleasant nor unpleasant. General excitement and I 
should like an object for it. me annoyance at being unable to find relief from 
the excitement by some action." (C) ; 


In the introspections of H and EH there is a genuine emotion 
noticed. - 

“The sound of my own voice trembling acts as context for fear. Feel ox- 
tremely worried. Not exactly anxiety but a foreboding which is unpleasant. 
Whenever, without my mind on the pome; I do something like putting my 
hand to my face, the trembling of the d ee me—-on its perception—an 
extreme e net fear—but foreboding. No definite object but nevertheless 
an emotion." ( 

"T seam oppressed with a e fear of something—feeling much the same as 
when I’ve lain awake all night, frightened that Bill might die. In spite of know- 
ing the cause of his illness the fear was not specific and neither is this. Iam op- . 
poe with a nameless fear. I want to get away from it just as the night of 

ill’s illness I wanted to relax and sleep and tried to rationalize my fears. But 
ee was impossible then and it is impossible now. It is decidedly unpleasant.” 


(3) In the third part the mere physical symptoms of the syn- 
drome were reported once by E H and SC and twice by F. - 

Reports of ‘cold’ emotion were given once by SC, L, and E H, and 
twice by JL. 


“A feeling in my abdomen as if I were going to get into an ent. Feeling 
as when somebody tells me they don’t believe in vaccination.” (SC) B 

"Felt a bit pec a moment ago. This succeeded by a disturbed feeling 
now, neither pleasant nor unpleasant. Decided predisposition to an emotion. 
Only. a constant conscious attempt to keep calm prevented an emotion. It was 
an effort to keep calm." (L) 


'"Tenseness. The feeling as though something were going to happen that I 
expected to be disagreeable. An overwhelming desire to ae something happen 
through which I might relieve the suspense." (EH) 


“Feeling of something exciting going to happen. A desire for action. Through- 
out reaction there is a definite fealing of unrest which cannot be described as 
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pleasant although there is nothing clearly unpleasani—might be summed up as 
uneasiness. I feel that during the whole reaction I should be readily subject to 
any kind of emotional suggestion.” (JZ) 


“IT feel biel nct carefree and pleasant. Pleasant state of being continues although 
heart beat increased. Now a feeling of uneasiness and indifference. 

Feel as if I could either laugh or ary. As you do when drinks are being mixed and 
you are afraid you won 't get one but hope you will. I want to do something but 
don't know a iiis." (JL) 


L reported a genuine and sudden emotion. 


"Extrerhe fear was present, but no content for it at the time. Probably an 
unconscious reason but at pris time nothing but fear. The strongest reaction yet. 

I found myself shaking, chest unen building up fed in intensity, where- 
upon I abruptly recognized that I was intensely afrai l 

It will be seen that while the majority of reports show no emotion, 
or at best a ‘cold’ one, there are cases of genuine emotions aroused 
which seem difficult to explain away as due to predisposition. The 
important thing to be noticed is that the bodily symptoms may oc- 
casionally satisfy some of the Os, while at other times they demand an 
intellectual content or reason before they will report an emotion. 
Some of the Os never appear able to experience an emotion without 
this content. In those Os not experiencing an emotion, there fre- 
quently appears a need for catharsis, a need to throw off the tension 
by completing the reaction. It is a desire to get the matter ‘off their 
chests’ by having an emotion and releasing the tension aroused. Itis - 
also apparent that there are no strict affective correlates of the 
adrenalin syndrome. The O may find it pleasant, unpleasant, or 
affectively indifferent. In one case we even have an exceedingly 
pleasant state resembling elation. 

These results are summed up in the following Table I. 


TABLE I 
Summary oF THE RESULTS OF THE EXPERIMENT 
Classification of Reports No. Reports 
Total injections 22 
Physical symptoms 22 
. Pleasant emotions "a I 
Unpleasant emotions 3 ! 
‘Cold’ emotions 10 
No emotions 8 
Unpleasant affect ` FR 
Pleasant affect - 3 
Indifferent 5 
‘No mention of affect II 
Need for catharsis 6 
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CONCLUSIONR 


On the basis of the above results we may conclude that in general 
the injection of adrenalin is not sufficient to produce an emotion. A 
‘cold’ emotion may be aroused, but the lack of any object or reason 
for the emotion usually deprives it of its genuineness. In a few cases, 
however, the injection of adrenalin with its subsequent bodily 
symptoms is adequate to produce a genuine emotion; the mere bodily 
concomitants are sufficient for an emotional state without the pres- 
ence of any object or reasor..4 


The experimental findings of the present miu agree in 
general with those of Marafion but the present authors differ from 
him in their interpretation at the genuine emotions aroused in their 

~--- ——— experiment; — 

While the results of the presen; experiment may not justify the 
formulation of a general taeory of emotions, the writers wish to. 
venture a few ‘theoretical implications. It seems to them that an 
analysis of the conscious emotional state would reveal its dependence | 
upon the following possible jactors. 


2) A primary autonomic reaction centered in the autonomic 
nervous system and involving changes in the vasomotor system, the 
respiratory system, the visc2ra, and certain peripheral changes such 
as sweating and muscular tremor. 

(2) Secondary behavioral reaction patterns, both instinctive and 

~ learned, dependent upon tke cerebro-spinal nervous system. This ' 
includes such reactions as flight, attack, facial expression, and 
vocalization. 

(8) An intellectual contsnt. By this we mean the presence in 
consciousness of some object or situation to which the emotion is : 
directed and around which the emotion is intellectually organized. 
This involves the active parzieipation of the higher logical processes, 
probably centered in the cerebral ccrtex. | 

The usual emotional state seems to involve a combination of (1) 
and (3). However, as the only criterion we have of a conscious 
emotional state is the O’s acceptance of it as such, the writers be- 
lieve, on the basis of their results, that (7) is the only sine qua non for 
an emotion, for it may in some cases suffice itself to produce the 

itThese emotions resemble that described b ee ae as follows: 

“We are afraid. What are we 


Wo te ek oe aka oe. 
We are afraid of this, that, these, those, them.” 
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emotional state. Nevertheless, such cases are rare. The status of 
(2) is at present unsettled, but this factor is probably of secondary 
importance. ) 

The tendency of Marafion and others to explain the genuine emo- 
tions arising from the adrenalin syndrome by referring to predisposi- 
tion seems unjustified to the present authors. True, in some cases, 
in addition to the report of the emotion, the O reported an associa- 
tive content, viz. some reference to previous experiences or memories. 
But like associative content was also present in the report of ‘cold’ 
emotions, so that the difference cannot be explained on this basis. 
It seems to the authors that the differences of report are due to some 
critical attitude assumed by the O. In other words the situation 
must contain certain logical relationships in order that most Os 
experience a genuine emotion. ` In some ceses, however, such a rela- 
tionship is unnecessary. On the physiological level this may be due 
to differences in the strength of cerebral inhibition. These differences 
may be present not only between Os but within the same O at differ- 
ent times. 

No doubt the physiological reaction involved in an emotion in- 
cludes the basis for an affective state, but the report of pleasantness 
and unpleasantness seems to depend upon a special affective judg- 
ment which is not necessarily included in the report of the simple 
emotional consciousness. 

The lack of any constant affective correlates of the adrenalin 
syndrome indicates that the theories which base unpleasantness upon 
the activation of the sympathetic division of the autonomic nervous 
system are palpably unfounded. 

Finally, the need for cartharsis reported by some O8 would seem | 
to show that the emotional reaction contains within itself a definite 
drive to completion through expression. This resembles the tendency 
to closure exhibited by Gestalten. | 


LOCALIZATION OF BRIGHT AND DULL PRESSURE* 


By Wuuuw A. Hont, Harvard University — 


In some unpublished work mentioned by Hoisington,' Horiguchi : 
reports the localization of the pressures established by Nafe in his ` 
study of the affective processes. Bright pressure is localized in the 
general region of the shoulders and neck, and. dull pressure in the 
abdominal area. In two previous investigations of bright and dull 
pressure, the present author iound his Os substantiating this localiza- 
tion? Its manifest importance made him desire a more careful 
investigation under conditions as well controlled as possible. As 
the localizations reported by his Os had referred to general bodily 
areas and had varied with different Os, he decided to concentrate on 
what seemed to be the most important aspect of the matter, namely, 
that bright pressure was always localized above dull pressure. __ 

In order to minimize the influence of any bias on the part of the 
Os, it seamed best to use the method of correlation. Thus the Os 
were first to report on the localization of the bright or dull pressures 
aroused by a series of stimuli which could then be assigned values 
signifying the bodily locus of the pressures involved. At a later 
aitting affective values were to be ascertained for the same series of 
stimuli. Correlation between the two series would then reveal 
' whether or not pleasant stimuli arouse pressures in a bodily locus 
in constant relation to that of the pressures aroused by unpleasant 
stimuli. The correlation of bright and dull pressure with pleasant- 
ness end unpleasantness, which is assumed by this procedure, is i 
justified by the author's previous work.‘ 

At the same time it seemed promising to investigate the presence 
of any other internal bodily pressures. For this purpose a series 





*Accepted for publication February 3, 1931. 
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was inserted in which the Os were merely asked to localize any 
bodily pressures present, no mention being made of either bright 
pressure or dull pressure.5 

PROCEDURE 

Twenty colored papers of varied hue and brightness were used ag stimuli. 
They were exposed through an aperture, 5 in. square, in a large screen, 6 ft. high 
by 4 ft. wide, with a 2-ft. wing on each side. The screen was painted a cream gray. 
Its size enabled E to sit at a table behind it, unseen by O. The large gray field 
aided O in concentration by shutting out distracting stimuli. O sat in a big 
easy chair, which permitted extreme relaxation and removed many of the con- 
fusing bodily tensions accompanying normal posture. His eyes were about 
4 ft. away from, and on a level with, the aperture in the screen. The position 
of both chair and screen was kept constant. Lighting was artificial and constant. 

In order to prevent the bright and dull pressure judgments from influencing 
the judgments of other internal bodily pressures, the latter judgments were taken 
first. ‘The O was told to sit in a comfortable, relaxed ponton; and was then given 
the following instruction: 

I shall present various colored stimuli. You are to attend to the general ex- 
perience voladi in A a OANE them, and to notice whether or not this experience 
includes any internal pene If such internal preasures are present, please 
localize them on the c and : repo rt the number to the experimenter. 

The instructions were then removed and O was given a chart consisting of an 
outline of the human torso. A line running down through the middle of the body 
was divided into equal sections by the numbers 1 to 8. 1 was at the top in the 
region of the upper neck and head, and 8 at the bottom in the region of the lower 
abdomen. The series of colors was then presented three times, in constant order, 
with about a 10 sec. interval between successive colors. There was a brief res 
at the end of each series. The localizations were recorded and O was dismissed 
for two weeks. 

After this time had elapsed, he was called in again. This time the instructions 
were: 

I shall present various colored stimuli, and you are to judge whether they are 
pleasant, unpleasant, or indifferent. 

The same colors and procedure were used, and the affective judgments were 
recorded. 

Two weeks later at a final session, O was given these instructions: 

I shall present various colored stimuli. You are to attend to the general ex- 

ience involved in observing them, and to notice whether or not this experience 
Ta any ee or dull pressures. If such bright or dull pressures are present, 

please localize em on the chart and report the number to the experimenter. 

‘Bright Snc resembles tactual bright pressure, or a touch S edd lying 
qualities bri grea and tickle. It isa E diffuse bodi f wit ive 

dition to its decided brightness, it ma described as buoyant, 
Ri dide, and E. ER is like expansiveness of the body. 


"[he writer wishes to express his indebtedness to Dr. J. G. Beebe-Center of 
the Harvard Psychological Laboratory for his constant BadEian p &nd encourage- 
ment. 
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Thus the experiment consistei of three series dispersed over a period of six 
weeks. A series of localizations of internal preesurea was followed by a series of 
affective judgments, and this by s series in which bright and dull pressures were 
localized. Seven Os were used. Four of these, Mr. H. Cantril (C), Mr. E. Land 
(L), Mrs. E. Hunt ( H) and Mra. H. Taylor (T), had previously observed in the 
writer's experiments on bright and dull pressures. The remaining three, Mr. 
J. Volkmann (V), Dr. O. Trimble (Tr), end Mr. H. Odbert (Od), were new to 
‘the problem. Originally, one othar naive © had been included, but it was neces- 
gary to drop him due to his failure to keep the experimental appointments. 

The treatment of results was the same for both pressure series. The localiza- 
tions had been reported through numbers corresponding to different sections of 
the torso as marked on the chart. These numerical values were then averaged 
for each stimulus, and the result was taken to indicate the average locus of the 
pressures aroused by that stimulus. Thus the values for each series fell into 
a dis-ribution represeriting the dispersion cf these average localizations over the 
torso, from top to bottom. "Where no localization was reported, the judgment 
was dropped out and not allowed to affect the average for that stimulus. In the 
few cases where no localizations were repcrted for any of the three presentations 
of a stimulus in a/series, these stimuli were merely discarded fram the distribution, 
and in computing correlations tha corresponding number of the other series was 
discarded also. . 

The affective Judgments were also assigned numerical symbols: a value of +1 
was given & judgment of pleasant, o to one of indifferent, and —1 to one of un- 
pleasant, and the sum of these values for each color was considered to represent 
the degree to which that color elicited pleasantness rather than unpleasantness. 
The series was then arranged in & distribution with the positive, pleasant values 
at the top. Correlation of this series with each of the pressure series would then 
give a coefficient representing the degree to which pleasantness was accompanied 
by pressures above thong accompanying unpleasantness. 


RESULTS 

In the first series, that concerning any internal bodily pressures, 
all the Os reported localized pressures except Od. He gave occasional 
judgments but claimed they were extremely difficult to make and 
hence were exceedingly doubtful. The 4 experienced Os reported 
that the pressures observed were not bright and dull pressure as such, 
but were ordinary localizable pressure sensations in the body cavity. 
Correlation of this series with the effective series gave the following 
results: 


Observer 
H C T L Tr V 
r .90 .QI .75 .89 .85 .66 
P.E. ' .04 .03 .07 .03 04 .08 


PR 


LI w— rn n9 
* 


t 
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In the bright and dull pressure series, all the Os except Od once more reported 
localization of the pressures. The correlations with the affective series were: 


Observer 
| H C T L Tr V 
T .93 .94 +70 .97 . 85 .83 
P.E. .03 .02 .08 .OI . 04 .05 


It will be noted that there is a slight tendency, of doubtful statistical significance, 
for these values of r to be higher than those of the first group. 

Correlation of the two pressure series with each other yielded the following 
coefficients: ; 


Observer 
H C T: L Tr y 
r .90 . .91 .93 .87 .83 .73 
P.E. .04. 03 .02 04 .05 .07 


Od was given another trial in order to see if further practice would overcome 
his difficulty. It did, but, because of the doubtful influence of training, his 
resulta are not considered with the main group. In the second trial his judgments 
came with greater ease and gave r of 0.86, 0.89, and 0.93, which are in keeping 
with the other results. 


These results concern only the relative localization of the pressures accompany- 


" ing hedonic tone. The data, however, also yield information of the absolute 


localization of these pressures. Table I gives the frequency distribution of the 
localizations according to O, series, place of localization, and the supposed affective 


TABLEI 
FaEQuxNcY DISTRIBUTION Or Pressunn LOCALIZATIONB 
Capital letter indicates O. P = pleasant stimuli. U = unpleasant stimuli. 
& = simple pressure localizations. b = bright and dull pressure localizations. 


Number of Cases | 
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value of the stimulus. It should be remembered, however, that in an endeavor to 
rule out any bias, the Os were asked in the pressure series only to report the 
number corresponding to the bodily locus. No mention was made of the affective 
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value of the stimuli. This last was determined in the special affective series com- 
ing midway between the two pressure series. Since the affective values of the 
stimuli were established in a separate sitting, it is only right to mention the fact 
that affective variability working between the series may have caused some error 
in the table. In an endeavor to control this variability the frequency distribu- 
tions contain only the localizations of those stimuli whose affective value was 
constant or included one judgmert of indifferent. Stimuli reported as both 
pleasant and unpleasant in the afective series were discarded, as were those 
whose reported value contained two or more judgments of indifference. It was 
felt that to include these data would allow too great an error due to variability. 
The frequency distribution, while &howing clearly the tendency of pleasant- 
ness to produce pressures localized above those produced by unpleasantness, 
nevertheless shows considerable dispersion within each category and some over- 
lapping between the categories. The failure of the Os to report a constant par- 
ticular lacus for the pressures accompanying either affective tone may be due to 
the known difficulty of localizing organic sensations. None of the Os found the 
task easy. On the other hand, due to the fact that a few Os occasionally reported 
that pressures with a dominant locus in one zone would extend over into neigh- 
boring zones, it may be that we are dealing with a general reaction whose specific 
elementa may vary at different times. The constancy of the above-below re- 
lationship between the pressures seems to demand some such unifying factor. 
‘Even where the dispersion within each category is great, the relative position of 
the pressure components of one category to those of the other remains well 
marked. 


All the Os reported that the two different pressure series were made under 
distinctly different attitudes of introzpectian and that the simple preasures were 


different from bright and dull pressure. Bright-and-dull pressure seemed to be 


a larger, more inclusive category, with the stress leas on the actual specific pree- 
sure components and more on the general reaction involved. Four Os spontane- 
ously suggested that while bright-and-dull pressure seamed to be different from 
the simple bodily pressures reported, these last might well be specific components 
of a general complex of sensations corresponding to bright and dull pressure. 


CONCLUSIONS 


While our results ‘tend to confirm Horiguchi’s localization of 
bright pressure in the general region of the shoulders and neck, and 
dull pressure in the abdominal area, they stress the importance of 
the central areas of the chest for bright pressure and the occurrence 
of overlapping in the lower chest regions. The localizations are 
within general areas, and specific localizations show marked varia- 
tions, both in the case of single individuals and within the group. 


On the other hand, our data show that the relationship between 


bright pressures as a whole and dull pressures as a whole is remarkably 
constant, and we may definitely conclude that bright pressure is 
localized above dull pressure. We may also conclude that pleasantness 
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and unpleasantness. are accompanied by simple bodily pressures 
which maintain the same relative positions as bright and dull pressure. 
It seems too early to attempt any definite explanation of these 
results. A suggestion, however, of the direction in which such an 
explanation may lie is afforded by the following passage in an.article 
. by Zoneff and Meumann. “Es sei noch bemerkt, dass auch die 
" gesammte Haltung des Brustkorbes bei Lustgefühlen eine andere ist 
als bei Unlust. In Zustünden, die als ‘Lust’ bezeichnet werden, hebt 
die Versuchsperson merklich den Brustkorb, was sich in dem Steigen 
des Niveaus der gesammten Curve auf der Kymographiontrommel 
 &ndeutet (umgekehrt bei Unlust). Es ist die Erscheinung, die man 
in dichterischer Sprache als 'geschwellte Brust’ bezeichnet."^ 


*P. Zoneff and E. Meumann, Über Begleiterscheinungen psychischer Vorg&nge 
in Athem und Puls, Philos. Stud., 18, 1901, 60. 


AN EXPERIMENTAL STUDY OF ‘SEARCH?’ 
By Howard L. Kinasiey, Boston University 
In a former investigation a comparative study was made of 


perception, thinking, and that scrutinizing, exploratory type of per- 
formance called ‘search.’ The problem was to discover the natural 


relations which these functions sustain to each other. ‘The search-: . 


problem there called for the exploration of & picture to discover 
some specified detail. In the present study the purpose has been 
to secure a more complete description of this type of function by 
making further observations upon the processes of exploration and 
discovery under conditions similar to those of the previous experi- 
ment. 

Metkod and procedure. A series of 12 pictures, each mounted on cardboard 
9 X I2 in. pm DPEN CETO RO doen else One Spa M eae 
following instructions: 

“At the ‘ready’ signal you are to fixate the center of the screen. At the 

‘now’ signal a picture will be presented and at the same time you will be told to 

find some object in the picture. When you have located this object press the 
button and immediately report your total. experience of the exposure period.” 

The object named by E was always an integral part of the picture but one 
not likely to be noticed in a casual glance. The Os were B, R, Br, M, and T. B and 
E were members of the psychology staff of Goucher College and the others were 
students majoring in psychology. Sixty observations were made.* 


RESULTS 


Immediately following the withdrawal of the shutter there was 
a hurried survey of the picture which gave O some notion of.the . 


locale of the search. Then came E’s prescribing statement, e.g. 
“Find the tablespoon,” “Find the rabbit," the comprehension of 
which gave definite form to the search-task and thus determined the 
course and objective of the performance. 

(1) Visual exploration. The task set up.by the sonditions im- 
pelled O to explore the picture visually until the designated object 


*Accepted for publication December 15, 1930. 


1H. L. Kingsley, Search: A function intermediate between perception and. 


eke, Psychol. Monog., 35, 1926, (no. 163), 16-55. 
7The writer acknowledges nis i indebtedness to Dr. Ethel Bowman and to 


Misses Elizabeth Rutherford, Theresa Berney, Charlotte Towson, and Anna Ruth 


Meeks. The experiments were done in the psychological laboratory of Goucher 
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(hereafter called X) was.discovered. The search was characterized 
by “shifting of the eyes,” “scanning of various objects" in the pic- 
ture, numerous “shifts of fixation" and “glancing about" from one 
part of the picture to another. 

Thus while engaged in this exploratory quest all Os experienced 
a succession, usually rapid, of visual sensory patterns. The number 
and character of these experiences varied with the Os and with the 
nature of the picture. For example, B's search took the form of an 
excursion around the picture noting one object after another and 
rejecting each in turn until X was apprehended. R, as a rule, did 
not check off the various objects in this manner. Discrete per- 
ceptions were less numerous in her experience and a correspondingly 
larger place was filled by visual imagery. Some pictures, moreover, 
presented a greater wealth of attention-commanding details than 
others. Central and conspicuous figures, brightly colored objects 
and novel features naturally touched off perceptions. 

Fixation at first was usually on the center of the picture. From 
the center the eye-movements were most frequently to the upper 
left corner and from there across to the right side, then down to the 
bottom. Further than this the course of the fixations was irregular 
and unordered except where O made use of clues considering where 
the object was likely to be found. “Exploration was haphazard until 
the ship (X) was found" (Br). “The discovery was due to chance 
movement in the right direction” (R). ’ 

The search-task which initiated the exploratory performance was 
sustained by pressures and strains or verbal kinaesthesis. ''Pressure 
in my head made me want to go on. There was a lack of satisfaction 
in not having found X, carried by these pressures, which urged me 
on" (T). ‘Verbal kinaesthesis, ‘Find the bread-knife, find the 
bread-knife' " (Br). “Repeated the question to myself" (M). 

The meaning that search was in progress was carried by strain 
qualities arising from muscular tension throughout the upper part 
of the body, especially the kinaesthesis of éye-movements and pres- 
sures due to “narrowing the eyes.” ‘There was not much feeling 
of search this time. The feel of muscular contraction in the head 
and neck was not.so pronounced as in the more difficult cases of 


_ search. In more difficult search the muscular tension is greater” (Br). 


Visual images of X frequently appeared during the search and 
sometimes they materially influenced its course and outcome; though 
their appearance was less frequent for some Os than for others. 
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The performance was enlivened by varied affective tones and colored 
by unanalyzed attitudes of confidence or uneasiness a8 to the outcome. 

Elaborative thinking sometimes obviated piecemeal examination 
of the picture and frequently abbreviated the process. The Os made 
use of suggestions derived from former experiences and clues dis- 
covered in the pictures. “I reasoned. I did not just let.my eyes 
wander around. I looked for the table or furniture on which the 
ship model [X] would’ be located and so avoided aimless eye-wan- 
dering” (M). 

(2) Discovery and identification of the object. domeine O's idea 
oi X prior to discovery did not coincide with the object as pictured. 
This lack of agreement frequently, though not. always, hindered dis- 
covery and identification. E had difficulty in locating a bread-knife 
that was pictured as thrust through a leaf of bread so that only the 
handle and a small part of the blade were visible because she looked 
for a bread-knife whose entire blade was showing. Sometimes, in 
spite of such disparity, O realized at once, upon seeing X, that it was 
what she was to find. This usually was the case where O had experi- . 
. enced the object under various conditions or in different forms. 
But there were times when O, upon seeing X, decided that that, 
rather than what she had imagined, was what E meant. When asked 
to find “the miniature sailing vessel," B understood E to say, “minia- 
ture of a sailing vessel," and that meant for her a small picture of a ` 
sailing vessel. In her report she said, “Then a group of grays stood 
out. Verbal kinaesthesis ‘Sailing vessel’; oh yes, miniature sailing 
vessel, not miniature of a sailing vessel." 

When the perceived object did not match O's idea of X and such 
reconeiliation was not made, the object was rejected and the search 
continued. M reported that when looking for & turkey she tried to 
make chickens look like a turkey but this attempt proved futile so 
her eyes moved on. ; 

The discovery of X was commonly announced by some such 
verbal response as “there,” or "that's it" “Then, in fragmentary 
verbal kinaesthesis, “Yes, that must be it. Then the key was 
pressed" (B). The qualities of the concluding perceptual experience 
were closely integrated and highly focal. “Then I saw the bird. It 
stood out in the foreground. Everything else receded to the back- 
ground" (R). When X was clearly and definitely identified there 
usually came a feeling of satisfaction and a relaxation from the tension 
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of the search. "There was a pleasant feeling, a realization of some- 
thing accomplished and that I had reached my goal” (T). 


(5) On overlooking familiar objects. ‘Titchener found the motor set and the 
visual image to be the essential factors in the discovery of a familiar object for 
which one is looking. Itappears that while there was the discharge of a verbal- 
motor set in our observations the discovery of the object depended not upon the 
type of motor set but upon the perceptual set. When the Os gazed at X and 
failed to apprehend it as the object they were to find, it was because of inadequate 
preparation for such apprehension. While such inadequate preparation occurred 
in cases where there was no visual image of X it often appeared in the form of an 
incorrect expectation carried by a visual image that did not ‘fit.’ 

In his note on overlooking familar objects Ruckmick states that failure to 
see a familiar object before him and for which he is looking is due usually to the 
"unsuitable image." He adds, “New the chief feature about the mental image 
that makes it inadequate seems to be its size—it is too small."* In our experi- 
ments the visual image differed from the sight of the object in a variety of ways. 
It changed during the search and differed from X in size, color, and form. But 
the fact that the image was not a replica of the object did not always cause the 
latter to be overlooked or delay its identification. When looking for a turkey 
where the head only appeared in the picture, R had.a visual image of an entire 
turkey and was surprised to find only the head. There was no hesitation, however, 
in recognizing the turkey-head as the thing she was to find. Where O had ex- 
perienced the object in many situations it was recognized readily even if the 
visual image did not ‘fit.’ In some accounts the image was described as ‘general- 
ized.’ It seemed to mean the object regardless of particular mode, shape, size, 
or position. The important thing was the meaning conveyed by the image. If 
O expected something different from the X-picture she was likely to encounter 
difficulty in bringing her search to an early and successful conclusion. 


| CONCLUBIONS 
The search-perfotmances studied in these experiments were char- 


' acterized by exploratory eye-movements, rapid shifts of attention, 


and corresponding changes in visual patterns. The task was sus- 
tained mainly by verbal kinaesthesis, and pressures and strains in the 
head. The search-meaning was carried by strains from the muscles of 
the eyes, head, and neck. Visual images of X contributed to tho 
comprehension of the question &nd the anticipation of X. Where the 
meaning carried by the image agreed with the meaning of the per- 
ception, the observer identified X readily even when the image did not 
resemble the perceptual pattern. Disagreement between O's idea 


3E, B. Titchener, The overlooking of familiar objests, this JOURNAL, 35, 
1924, 304- 
4C: A. Re ckmick, On overlooking familiar irobjeste ibid. 37, i526: 631. 
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of X and the picture of X did not hinder recognition when O's experi- 
ence with the object was extensive. The search was sometimes un- 
successful because O’s idea of X was inadequate. The search-per 


formace was rich in affective tones and merrtal postures. It was 


facilitated by the use of suggestions and clues. Its termination came 
with the discovery of X in the form af a highly integrated and focal- 
ized perception, usually announced by a. response in verbal kinaes- 
thetic terms and accompanied by relaxation and satisfaction. 
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'SOME SEX DIFFERENCES IN FACTUAL MEMORY 
By ALFRED G. DETZEN, University of Pittaburgh 


Sex differences in memory have been studied by numerous workers 
with conflicting results. The findings of many lead them to assert 
the superiority of girls and women at all ages and with all degrees of 
training. Among these are to be mentioned especially Burt and 
Moore, Gates, Pyle, Schuyten, Shaw, and Whipple. In the work of 
Lobsein, Lyon, Mulhall, Netschajeff, and Schramm the results 
cannot be interpreted as definitely in favor of the feminine sex.? 
Finally, Aall and Vos, both of whom tested for logical memory, report 
male superiority. The question is difficult to settle decisively be- 
cause many factors complicate the selection of groups and cast 
doubt upon their comparability. In view of the conflicting findings 
and of the difficulties in the way of investigating the subject, there 
is no justification for a dogmatic stand. The present writer offers 


* Accepted for publication February 7, 1931. 
7 (1, Put and R. C. ES oe differences between the sexes, J. 
Te 8, 1912, 273-284, 355- 
A. I. Gates, Expertnents 


e relative efficiency of men and women in 


memory reasoning, Papel: Rev., 24, 1917, 139-146. 
Pyle, The Examination of School C iae 1913, 8-14; The Psychology 


p ed., 1928, dun, 
M.C uyten, Bur les methodes de mensuration de la fatigue des écoliers, 


AS. d. Nt eie e 113-128. 


memory in school children, Ped. Sem., 4, 1896, 61-78. 
á Si. Whipple, Manual of Mental and Physical Tests, 1921, 211-213. This 
author also summarizes the resulta of other investigators, cf. 179-184, 213 f. 


a H. Chamberlain, A memory test with school children, Psychol. Rev., 22, 


71-76. 
Lobsein, Experimentelle Untersuchungen über die Gedüchtnisent- 
n bei Schulldedern, Zsch. f. Psychol., 27, 1901, 34-76. 
A 2 i uo of C uicknone of learning to retentiveness, Arch. 


P hel ne o 
P. re T. memories of school children, d. Educ. Psychol., 8, 


I917, 2 rs 
"P. Mam He ne imentalle pog chungen über die Ged&chtnisent- 
wi ern, Zs 8y 1900, 32I- 

kun bet Še Zur A Aussagetreue | der Geschleo ter, Zsch. oun Paychol., 5, 


IQI A 355-357- 
3A. Aall, Zur Psychologie der Wiederzühlung, Zech. f. ange. Psychol., 7, 1913, 


H. B. L. Vos, Beitrüge zur c der Aussage, Zech.. f. ange. Paychol., 
4, 1911, 375-378. 
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‘some results which seem to support the third of the.above positions 
in indicating a superiority of boys over girls in tests of factual mem- 
ory given to children of grades VII to XII inclusive. | 


Method. Pyle states that experimenters reporting male superiority in memory . 
tests make their comparison by grade and mot by age. Since in the same grade 
the bovs tend to average higher in age than girls, this is not an adequate basis 
for comparison. An adequate sex comparison should be made by age, not by 
gr&de. In keeping with Pyle's suggestion, the present writer sought to avoid 
both difficulties by pairing the Ss into parallel sex groups by both age and grade. 
The Ss were chosen from a much larger number of another experimental group in 
such a manner that every boy had opposed to him in the other group a girl in the 
same grade and of the same age within twc months. Three seis of such paired. 
gronps were used. 

The Ss were given printed pamphlets containing & short article approxi- 
mately 1000 words in length and were instructed to read it carefully a single time. 
When they finished reading they were given & comprehensive test covering the 
facts contained in the article and were requested to answer the questions as care- 
fully as possible. A- diferent article was used for each set of paired groups, and 
the tests covering them contained: from roc to 125 multiple-response type ques- 
tions, The articles are entitled Radium: The Magic Metal, Ths Barly Germans, 
and Sir Richard Arkwright, and will herein be referred to by their key words. 
The articles are of suitable difficulty for pupils in the junior and senior high 
schools, and the tests possess a highly satisfactory degree of objectivity, relia- 
bility, and validity. l , 

Resulis. The means for the respective groups, the means of all 
the Ss of a given sex reading an article and their standard deviations, 
and the data on the differences of tne means are given in Table I. 
The scores are in terms of percentage of items answered correctly. 

A study of the table reveals that, in the case of. Radium, 8 of the 
.9 comparisons of age groups favor the boys and 1 the girls; in the case 
of Germans, 6 out of the 9 comparisons favor the boys and 3 the girls; 
and in the case of Arkwright, 6 out of 8 comparisons favor the boys, 
r the girls, and x ties. Thus in 20 out of 26 comparisons the boys 
have the higher average scores, in 5 the girls are superior, and in 1 
no advantage lies with either sex. 

Comparing the averages for the total groups, we find the mean 
of the boys to exceed that of the girs in Radium by 3.7. Since the 
standard deviations of the two groups are 12.0 and 11.9 respectively, 
the probable error of this difference is .74, and the difference is 5.04 
times its probable error and completely reliable. Similarly the differ- 

4Psychology of Learning, 1928, 150. 

‘Cf. A. G. Dietze, Factual mem of secondary school ils for a short 


article which they read a single time, Unit. of Pittsburgn Bull., Graduate School 
Abstracts, 6, 1930, 39-46. 
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TABLE I 


AVERAGE inane FacroaL Memory or PARALLEL Sex GROUPS Pix 
BY AGE AND GRADE 


Radium Germans : Arkwright 
Age (243 Ss) (220 Ss) (198 Ss) 
No. Boys Girls No. Boys Girls No. Boys Gurls 
II 6 64.2 75.0 7 63.9 49.6 6 50.0 45.8 
I2 40 72.4 70.1 31 59.1 60.7 14 54.6 50.4 
I3 | 35 70.4 968.1 36 59.0 54.4 19 543 50.1 
I4 42 75.6 69.0 5I 61.8 63.0 26 50.9 50.2 
IS ' 46 78.0 73.0 28 62.5 62.2 52 53-8 49.3 
16 32 80.0 75.2 37 79.7 71.3 23 62.3 54.0 
17 30 81.2 77.3 I4 80.0 73.2 38 62.8 63.2 
18 Ir 80.2 78.9 II 74.8 68.4 20 62.5 62.5 
19 I 82.5 57-5 5 77-5 70.5 
Av. (075.8. 72.1 64.9 63.3 57.0 54.3 
S.D. I2.0  II.9 15.4 16.6 13.3. 13.3 
Diff. 3.70 I.60 2.70 
P.E.pig.' 0.74 I.03 . 0.90 
Diff. /P.E. pig. 5.04 1.55 2.99 


ence of 1.6 in favor of the boys in Germans is 1.55 times its probable 
error, or little better than chance; and the difference in Arkwright is 
2.99 times its probable error and, therefore, fairly reliable. 

Conclusions. We need not necessarily interpret the above results 
as contradictory to Pyle's statement “it seems clear. . . that if we 
rule out the influence due to differences in experience and interest, 
the retention of girls is better than that of boys."? In the case of 
Radium the boys did, perhaps, have the advantage of greater interest. 
The other materials, however, probably had equal appeal. In view 
of the conflicting results and the small differences commonly observed 
between the sexes, it is difficult to accept as final Pyle’s conclusions 
that “retention of girls is better than that of boys because of their 
more rapid development."" The correlation of the results of the boys 
and girls in the case of Radium, where the.difference is most clearly 
marked, gives a biserial r of 0.196 + .037.8 This is obviously a very 
low relationship between memory and sex even though it is four times 
its probable error and even though the difference between the means 
is statistically reliable. 

‘Op. cit., 150. 

TOp. ett., 146-151. 


For interpretation of biserial r see K. VJ. Holsinger, Statistics for Students of 
Inm 1928, 271-273. 


A PRELIMINARY STUDY OF TASTE DEFICIENCY 
By SAMvEL W. FERNBERGERB, University of Pennsylvania 


During the last several months a number of short papers and abstracts have 
appeared about the taste reactions and taste deficiencies of a complex chemical 


substance developed by Dr. Arthur L. Fox of the E. I. duPont de Nemours and — 


Company laboratories. Fox calls the substance para-ethoxy-phenyl-thio-car- 
bamide. It is the sulphur analog of dulcin, which is a substance described as 
about 300 times sweeter than sugar. The chemical formula of the substance i in 
which we are interested is as follows: 


NH—C—NHà 


eel] | 


As reported by Science Service,! Fox discovered that 60% who ingested this 
substance found it exceedingly bitter and the other 40% found it tasteless, 
No mention is made of the number of cases tested. Fox also reperts what he calls 


‘taste-blindness’ for other compounds in the thio-urea group. But everyone, 


apparently finds dulcin in this chemical group sweet. 

Blakeslee and Salmon publish the most ecmprehensive report on this problem.? 
Blakeslee prefaces this discussion with an observation on ‘odor-blindness’ 
made in 1927 which is not without interest. In his garden he had two verbena 
plants of different colors. On the basis of testing 40 persons he reports that 66% 
found plant A fragrant and B odorless while 3395 found A odorless and B fragrant. 

Using Fox's compound and working for taste thresholds Blakeslee and Salmon 
used 5 dilutions, the most dilute being tasteless to all subjects. They also used dry 
crystals. A total of 239 individuals were tested with the dilutions for threshold and 


283 with the crystals. The primary interest af these authors was in testing families 


to discover a possible hereditary factor. They make, however, a number of general 
observetions. The substance may sometimes be tasted but the taste is described 
as other than bitter. Working with the dry crystals it was found that of 152 men 
38.2% and of 131 women 25.2% found it tasteless. Most of those who were 
able to taste it described the taste as extremely bitter. The authors say “the 
tables suggest that females are somewhat more acute tasters then the males but 
larger rumbers will be necessary to show whe-her these differences are significant.” 

With regard to the question of inheritance, Blakeslee and Salmon find, from 
their analysis of family data, that the taste deficiency is apparently due to a 
single recessive gene. Their statement is emphatic. “Enough is known" they 

* Accepted for publication January 18, 1932. 

Science, 73, 1931 (no. 1894), 14. 

7A. F. Blakeslee and M. R. Salmon, Odor end taste blindness, Eugenical News, 
I6, 1981, 105-109. 
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write, “in regard to the inheritance of this specific taste ‘blindness’ to enable one to 
make predictions. If both parents are negative the children will all be negative. 
If one parent tests o (negative) and a child is found to be a taster, the other parent . 
must be a taster.” ; 

Snyder,’ on the basis of testing 100 families with this same compound, arrives 
at the same conclusions with regard: to the inheritance of the deficiency. His 
percentages of tasters and non-tasters agree closely with those of Blakesles and 
Salmon, being 68.5% and 31.5% respectively. Without giving his statistical 
basis in this report, he states that the taste deficiency “is not a matter of age, sex, 
nor race.” This conclusion is not only at variance with the tentative findings of 
Blakeslee and Salmon with regard to sex but with regard to age as well. 

Two more short reports of papers, read at the meetings of the Naticnal 
Academy of Sciences, have been published. Fox reports similar taste reactions 
in “a large number of related mono-aryl-thio-carbamides” and “symmetrical 


‘ di-aryl-thio-carbamides."* Blakeslee,’ continuing his threshold work, reports 


that “acuteness of taste for the chemical is inherited since there is an obvious cor- 
relation between the thresholds of parents and children.” Suggestions are made 
for administering the dry crystals. Taste confusions for this and other substances 
are reported. Unfortunately the full reports of both of these papers have not ap- 
peared at the time of this writing. 

In view of the resulta obtained with this compound, it seemed worth while to 
extend the experiment along psychologicallines.5 Dry crystals were administered 
to 1025 adults at the college student level. Of these 528 were men and 497 women. 
They were mostly students in psychology at the University of Pennsylvania and 
had a background of a discussion of fundamental taste qualities. They were zold 
to swallow the substance, so as to stimulate the root of the tongue, and then report 
the experience in terms of one of ihe five following categories: tasteless, slightly 
bitter, bitter, very bitter, and extremely bitter. The category of ‘tasteless’ more 
or leas defines itself; ‘extremely bitter, the other limiting category, was defined in . 
terms of raw quinine, which unfortunately in these days is only known to less than | 
half of the group. The middle term, ‘bitter,’ was defined in terms of the white of 
the rind of grapefruit. The Os seamed to have no difficulty in making judgments in 
terms of these categories. For the first 200 Os, litmus tests were made of the saliva 
before stimulation but this was discontinued inasmuch as there was obviously no 
relation between taste and the acidity or alkalinity of the saliva. . 

The results will be found in Table I. In order to more readily visualize these 
reactions the results are also produced as curves in Fig. I. The results razher 
closely conform to those of Blakeslee and Salmon and of Snyder with regard to the 
percentage of tasters and non-tasters, although our resulte are somewhat lower for 
non-tasters than both of the other sete. The relatively larger percentage of non- 
tasters among the men as compared with women, as ater by Blakeslee and 


- Salmon, is confirmed by our resulta. 


3L. H. Snyder, Inherited taste deficiency, Science, 74, 1931, 151-152. 
a L. Fox, The relationship between chemical composition and taste, tbid., 


eS. F. ao Genetics of sensory. thresholds: Taste for phenyl thio carbam- 


Dr. aes a kindly Supple me with the p&ra-ethoxy-phenyl-thio-carbamide 
used in this experiment. 
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TABLE I 


NUMBERS AND PERCENTAGES OP Jupaments or Taste DISCRIMINATION 


Men Women 
Judgment Nim scene Nt sao PEE EM 
ae No. % No. g. 
Tasteless 158 29.3 116 23.3 
Slightly bitter 7a 13.5 30 6.0. 
Bitter 54 10.2 57 Il.5 
Very bitter 120 22.7 118 23.7 
Extremelyfbitter ^ 124 23.5 176 : 35.4 
Total 528 497 l 
Han pm vim imm ae E 
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An examination of the curves in the figure indicates, that for both men and 
women, they are bimodal. The percentages are high for ‘tasteleeg’ at one end and 
again for ‘very bitter’ and ‘extremely bitter’ at the other end. The percentages 
are low for both ‘slightly bitter’ and ‘bitter’ in the middle of the curves. Neverthe- 
less one finds, what one would expect, that individuals exhibit all degrees of taste 
from excellent discriminations to total indiscrimination. Although the curves for 
men and women are of the same bimodal form still they are considerably and 
significantly different. The percentages for men are considerably higher at the 
indiserimination end for both ‘tasteless’ and ‘slightly bitter.’ At the other end the 
percentages for women are invariably higher; only slightly higher for ‘bitter’ and 
‘very bitter,’ but considerably larger for ‘extremely bitter.’ These differences in 
the form of the curves emphasize the sex difference to taste acuteness even more 


TABLE II 
Fracrionatap NUMBERS AND PERCENTAGES OF JUDGMENTS OP TASTE 
DiSCRIMINATION ; 
First Group . Second Group 
Men Women Men ` Women 
Judgment No. % No. % No. % No. €9& 
Tasteless — 104 30.8 49 22.8 54 28.4 67 24.6 
Slightly bitter 53 15.7 I7 7.9 I9 10.0 I3 4.8 
Bitter : 30 8.9 . 26 I2.I 24 12.6 2I 7.7 
Very bitter 64 19.0 5I 23.7 56 29.5 67 24.6 
Extremely bitter 87 25.7 72. 33.5 37 19.5 104 38.3 
Total 338 215 190 272 


than the mere statement of the percentages of tasters and non-tasters. They amply 
verify the statement of Blakeslee and Salmon that women are more acute tasters 
than men. 

In order to further verify this sex difference we have T — our results 
into two groups in the order in which they were taken. These results are given 
in Table II. Group I includes 553 Os (338 men and 215 women), and Group II 
includes 462 Os (190 men and 272 women). The results were obtained from classes 
and it seemed more proper to treat all results of a given class as a unit in its group 
even though the groups were of unequal size and the relative proportion of men 
and women was different. The curves for these two groups are very similar. In 
both groups the percentages for men are higher at the indiscrimination end for 
both categories of ‘tasteless’ and ‘slightly bitter’ and the percentages for women 
` are higher at the other end for ‘extremely bitter. Inversions are found for the 
intermediate categories of ‘bitter’ and ‘very bitter’ but these middle categories are 
the only ones where the results are similar in any case for the two sexes. 

It may be of interest to add the observation that a few Os noted taste con- 
fusions. These were classed as non-tasters when it was further ascertained that 
under no circumstances could the taste be described as bitter. These observations 
are too few to be given statistical treatment. The small number of such confusions 
may be due to the setting of our conditions with the definition of the four bitter 
categories which mitigated against the frequency of the reporting of other taste 
qualities. 
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All of the previous authors have spoken of the situation of indidcrimination 
of this compound as “taste blindness” apparertly on the analogy of color-blind- 
ness. In certain respects the two are analogous: both involve indiscrimination of a 
particular sensory quality for some individuals while the same stimulus srouses 
intensive sensation in others; both show degrees of sensory weakness from full 
sensitivity to total indiscrimination and discrimination in both cases has a heredi- 
tary basis. The analogy would perhaps ke complete except for two conditions. 
In the case of color-blindness to certain qualities it has been found that the in- 
discrimination covers all variations of the fundamental quality. If one is color- 
blind to red and green there is difficulty with all reds and greens. In the present 
case it is reported that individuals who find tkis substance utterly tasteless are 
nevertheless able to taste other bitters. Also in color-blindness there seems al- 
ways to be & confusion of qualities. A given sensory quality is not seen as the 
normal quality but it is seen. And relatively few cases of such confusion are re- 
ported by previous workers or in the present experiment. Apparently in the case 
of this compound one either reports the taste of bitter or one fails to taste itat all. 
The reporting of some ‘different taste seams to be relatively unusual. Indeed in 
this respect the situation seems more like that of the auditory indiscrimination of 
tonal islands. 

But it would seem that the use of this and similar compounds offers an un- 
expectedly excellent opportunity for the psychological study of sensory indiscrim- - 
ination. There are all too few cases of colcr-blindness and of tonal deafness. But 
here in taste approximately one-third of tke people tested show indiscrimination.’ 


Since writing the paper the following have appeared: A. L. Fox, The relation- 
ship between kemol constitution aad taste, Proc. Nat. Acad. Sct., 18, 1932, 
115-120, and A. F. Blakeslee, Genetics of sansory thresholds: taste for phenyl thio 
carbamide, thid., 120-130. Fox, after investigating the taste of a large number of 
ra De of similar composition, comes to the conclusion that the taste of the 
C=5 linkage is the basis of the bitter quality. He advances the theory for the 
failure of some individuals to taste this as due to the relative degree of solubili 
of the compounds in the saliva. Blakeslee, working with our present compound, 
determines the threshold values and finds that, far this compound, these have no 
relation to the thresholds for other bitters (quinine and picric acid) and for sour, 
&wee; and salt. There is also no relation between the bitterness and the acidity 
of the saliva as measured by the hydrogen ion concentration. 


A eee STUDY OF THE ERRORS OF 2 LOCALIZATION ON 
THE FINGER-TIPS 


By Karu M. Datienpacu, Columbia University 


This study is intended as a check ar control of the experiment on localization 
that Professor Harry Helson and the writer are performing in connection with, a 
study of nerve regeneration. 

In 1924 the writer eut all the nerves, subcutaneous as-well as cutaneous, that 
led to the radial half of the first phelanx of the left index finger.! Study of the 
errors of localisation was one of the ways in which regeneration of the nerves and - 
return of sensitivity were investigated. As the incision was accidental and the 
experiment was not undertaken until after that event, we could not obtain the 
normal error of localization for the experimental tissue. Since some idea ,of the 
normal error was necessary for the precise evaluation of the resulta, we attempted 
to gain the desired information indirectly by studying the errors of localization on 
normal, comparable tissues. We, therefore, repeated the localization experiment 
upon similar areas on the right index and left great fingers. 

The radial side of the first phalanx of the right index finger bears the closest 
resemblance anatomically to the experimental tissue; but experimenta upon it 
alone would not yield a norm which we could accept as representative of the tissue 
on the left index, because O is right-handed. His right-handedness may mean 
(1) that the right index finger is more sensitive than the left—in which case the 


~ norm obtained from the right would be too small for the left; or (2) that the locali- 


zations, since they were made with O's left hand, are less accurate and precise 
than the right-handed localizations made on the left index—in which case the 
norm obtained would be too large. The extent to which these opposite and an- 
tagonistic factors are effective can not be known short of a check or control experi- 
ment upon Os with normal tissues. 

We sought, nevertheless, to eliminate one of these factors—differences in the 
accuracy and precision of localization caused by handedness—by repeating the 
experiment upon the radial side of the first phalanx of O's left great finger. Here 
O made his localizations, as he had made them on his left index, with his right 
hand. Still, the norm obtained here can not be accepted as representative of the 
experimental tissue because of possible differences in the sensitivity of the two 
areas. How the radial areas of the left index and left great fingers differ can again 
not be known until a series of control experiments have been made. 

Problem. The problem of the present study is & comparative one. We wish 
to know how, with normal skin tissve, the errors of localization upon the radial 
side of the first phalanx of the left index, the right index, and the left great finger 
compare. 

*Accepted for übisedn Jan II, 1931. 

For the losa KAGO and extent of XC cf. K. M. Dallenbach, The 


bidimensional reproduction of the surface of a ‘tridimensional object, this 
JOURNAL, 43, 1931, 127. 
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Observers. Six Os—3 men (A, B, and C) and 3 women (D, F, and G)—served in 
this experiment. All were undergraduate students of Cornell University and 
members of the class in qualitative laboratory psychology. ‘They had all com- 
pleted the routine localization experiment at the time that they served in this 
study. 

Method and procedure. The errors of localization ware determined for every 
one cf the Os for the radial side of the first phalanx of (a) the left index finger, 
(b) the right index finger, end (c) the left great finger. The usual procedure of 
localization experiments was followed. O was blindfolded and seated in & com- 
fortable position at a table, with the experimental area held in a fixed position by 
a plaster-cast hand-rest. E then marked with ink xo spots, distributed hap- 
hazardly over the experimental area. Every spot wes atimulated with an aesthesi- 
ometer in chance order, but in turn, 10 times. The point of the aesthesiometer, 
which was rounded and made of gutta-percha, was I mm. in diam. It was ap- 


plied after a ‘ready,’ now’ signal, on the all-or-none principle, with a pressure of ` 


12 grm.; and it was allowed to rest upon the skin for approximately 1 seo. 

As soon as E removed the stimulator, O tried to locate the spot touched, 
using a gutta-percha pointed stylus, which was similar in weight and dimensions to 
the aesthesiometer used by E. He was allowed to move it freely over the surface 
of the skin until he was satisfied with his localization. He then pushed gently 
upon the stylus so as to leave, when the stylus was removed, a alight indentation. 
This mark was used by E in measuring the error of localization. Measurements 
were made by E with the aid of dividers and a millimeter scale. 

Before every experiment E brought O's stylus, which was held in O’s free hand, 
to a fixed point upon the teble. The gross movements that O had to make in 
localizing the spota were consequently the same in every experiment. 

The experiments (100 in number) upon an area were completed during a single 
. observational period. The order in which the different experimental areas were 
considered was varied, so as to reveal the effecta of practice, if any, for the different 
Os. The order for A and B was left index, right index, and left great; for C and D, 
right index, left great, and left index; and for F and G, left great, left index, and 
right index. Every area was, therefore, experimented upon as frequently in the 
first as in the second and third positions. 

_ The experiments were conducted on all the Os at the same hour of the ds 
£.e. between 2:00-4:00 P.M. 

The extent and direction of the error of localization, i.e. whether the error was 
peripheral (P), central (C), dorsal (D), ventral (V) or intermediate between these 
cardinal points, was recorded by E in the gross data sheets. 

Results. (a) Extent of the acerage error. Table I gives, for every O and for 
every experimental area, the average error of localization together with ita m.v. 
It shows that the average is, for all the Os except G, smallest for the left index 
finger, largest for the left great finger, and intermediate in size for the right index 


finger. For G the left index finger gives the largest average error, the right index 


the smallest, and the left great finger an average error intermediate in size. 

In spite of the approximate uniformity of these results, the differences among 
these experimental areas (shown in Table II) are so small, and the m.v. of the 
averages (shown in Table T) are so large —though not larger than is usual in work 
of this kind—that the mathematical significance of the differences is very slight. 
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TABLEI 


THE ÀÁvERAGE ERROR or LOCALIZATION WITH Its Mean VARIATION FOR EVERY 
O, YOR Evary EXPERIMENTAL ARBA . 


(The rank of the different averages among the three for every O is given in parer- 


, thesis after the value) ` 
Experimental Area 
Sex Left Index Right Index _ Left Great 


0.94% .58 (1) 0.97.61 (2) T.I7+ .56 (3) 
1.384 .81 (x) 1.46--.64 (2) 1.622- .95 (3) 
1.61 .82 (1) 1.66.96 (2) I.744-1.10 (3) 
1.85 .53 (1) 2.092 .60 (2) .23+ .52 (3) 
1.62 .32 (1) 1.68+.26 (2) 1.72+1.00 (3) 
: 1. 83-k 1:30 (3) I.632-.70 (1) 1.68+1.00 (2) 
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TABLE II 


Tus DiryrERENOES, FOR EVERY Ü AND FOR Every EXPERIMENTAL ÅRBA, AMONG 
THE AVERAGE ERRORS OF LOCALIZATION 


Difference between 
O Left Index and Right Left Index and Right Index and 
Index ~ Left Great Left Great 
A — .03 — 23 — .20 
- B —~ .08 —.24 —.16 
C —.05 —.I3 ^ —,08 
D —.24 —.38 —.14 
„F —.06 —.10 —.04 
G +.20 +.15 —.05 


The greatest differences among the average errors of localization are shown by 
D, and the m.v. of her averages are among the smallest obtained. Her data, of all 
our data, are, therefore, the most favorable for showing a difference among the 
experimental areas used in this study. Computation of the significance of her 
differences yielded the following results. The difference between the average errors 
of localization on the left and right index fingers is 0.24 mm., the c diff. is 2.30, and 
the D/c diff. is 0.10; the difference between the left index and the left great finger 
is 0.38 mm., the o diff. is 2.44, and the D/e diff. is 0.15; and the' difference between 
the right index and the left great is 0.14 mm., the c diff. is 2. 33,and the D/« diff. is 


‘0.06. These data mean that these differences might be expected to occur 54, 56, 


and 52 times, respectively, in 100 trials—31.e. practically with chance frequency. 
Since D’s data do not show reliable differences, we feel justified in concluding that 
the differences of the other Os are likewise due to chance. 

The results of this study indicate, therefore, that the average error of locali- 
zation obtained from any one of the three experimental areas used in this experiment 
may be used as norms for the other two. l 
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TABLE III 


Tus NuMBER or Tms, rog Every O AND ror Every EXPEBIMENTAL ABBA, 
Taar aN ERROR was MADE IN Every CNB or tan CARDINAL DIRECTIONS 


(Italics show for each dimension the direciion giving the greater number of errors) 





Direction 
Area QO P C D y 
A 41.6 20.0 6.5 $2.0 | 
Ls) B 32.0 I7.5 18.0 88.6 
E C 22.5 58.5 6.5 23.5 
+ D 5.5 42.0 I.0: 41.5 
4 FQ 26.0 — £5 6.0 — . 86.5 
G 85.0 I3.5 9.5 20.0 
A $8.0 II.5 5.5 $8.0 
E: B $7.0 II.5 17.5 28.0 
A C 10.0 £9.5 7.0 48.5 
2 D II.5 48.5 12.0 ' $8.0 
E F 16.5 87.0 I2.0 $1.6 
G 46.0 IO.5 9.5 18.0 
Á 87.0 20.5 I2.5 19.0 
"- B $8.6 II.O 19.0 81.6 
E C 21.0 £9.5 17.0 18.5 
D 5.0 61.0 10.5 16.6 
i % F . 19.5 $4.6 IO.5 $1.5 
G $6.6 16.0 2:0 $8.5 


(b) Direction of the error. Table III gives for every O and for every experi- 
mental area the number of times an error was made in the peripheral, central, 
dorsal, or ventral direction. The gross data sheet divided the errors into 8 groups, 
the cardinal directions mentioned and tha 4 intermediate ones, i.e. PD, PV, CD, 
and CV. The data were, however, consolidated so as to bring out more clearly the 
directional aspects of the errors of localization. ‘The consolidation was accom- 
plished by dividing the number of errors listed under tha intermediate directions 
between the two cardinal directions concerned; for example, if 11 PD errors were 
indicated for an O, these were divided equally between P end D, 1.6. 5. 5 errors were 
added to the peripheral and dorsal errors. 

Three of the Os (A, B, and G) made more dud than central errors in 
their localizations in all of the experimental areas, and three (C, D, and F), 
contreriwise, made more central than peripheral errors in all of the areas. These 
results show that central or peripheral disposition is an individual matter, and, 
furthermore, that as an individual is disposed in one of our experimental areas he 
will vary likely be disposed in the others. 

All of the Os made, in all of the experimental areas, more ventral than dorsal 
errors. The constancy of this result may be due to the fact that the Os always 
approached the experimental areas in making their localizations from a ventral 
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direction. ŒE, it will be recalled, placed O's stylus before every experiment at a 
fixed position which was ventral to the experimental area. Whether this is the 
explanation of the predominant ventral tendency shown in our results, future ex- 
periments alone can determine. It suffices for the purpose of this study to note 
that there is no difference in this respect among our experimental areas. A ventral 
error in one of our experimental areas is correlated with ventral errors in the others. 

Conclusions. From the results of this study we may conclude that there ara 
no reliable differences either in extent or direction of errors of localization among - 
the experimental] areas used in this study. The norm obtained from one of them 
will serve as a norm for the other two. ; 

We may, therefore, in the localization test of nerve regeneration that Professor 
Helson and the writer are making, safely use the average values from our O'a 
right index and left great fingers as rorms for his left index finger. 


MINOR STUDIES FROM THE PSYCHOLOGICAL LABORATORY OF 
THE UNIVERSITY OF NEBRASKA 


V. PHENOMENA AcCOMPANYING THE ÍNHIBITION AND 
CONTROL oF BREATHING 


By Rupour VoOGBLEE and J. P. Guinronp 


‘A previous study was concerned with the ability of the average subject to 
' inhibit breathing and to breathe slowly. and with she rate of learning either to 


inhibit or to control breathing.! Two groups of Ss were trained for an hour a day ` 


over s period of 15 days, and kymograph records were kept of every minute of 
practice. These records reveal several interesting phenomena which seem worth 
reporting. The experimental procedure was fully described in the previous report 
and go will not be repeated here. 

The present study deals with the following questions to which our data give 
at least a partial answer: 

(1) What is the difference, if any, in the return to normal breathing after 
holding the breath, and after slow breathing? 

(2) What is the relation between the breathing phase at the signal to ‘hold’ 
and the ability to hold the breath? In other words, does ‘holding’ at- different 
stages of the inspiration-expiration cycle have an effect upon the length of the 
hold? 

(3) What is the difference, if any, in the physiological consequences due 
either to ‘holding’ or to ‘slow breathing’? 

(4) What factors, favorable and unfavorable, influence ‘holding’ and ‘glow 
breathing’? 

An examination of the kymograph records showe at once (8) that immediately 
after the end of a period of inhibition or of slow breathing, there is always a com- 
pensatory period of very deep breathing and a more or less gradual return to 
normal breathing; and (b) that there is a distinct difference between the two 
. cases, inhibition and slow breathing. 

The curves designating the return to normal were measured as follows. Five 
series of breathing curves which appeared to he typical for every S were chosen 
from the kymograph records obtained on different days. The same general ap- 
pearance of the curves chosen was exhibited throughout the entire training period. 
Each one of the first fifteen successive exhalations in each series was measured 
from a line bisecting the curves, approximately in the canter, to the peak of each 
curve. Only. the exhalations could be measured because the entire amplitude of 
these curves could not be recorded. During very deep breathing, the lever of the 
recording apparatus was stopped by the edge of the disk of the tambour, thus 


: “Accepted for publication February 15, 1931. 


1R. Vogeler and J, P. Guilford, Learning to inhibit and control ae 
this JOURNAL, 43, 1931, 624-630. 
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preventing the registration of the complete inhalation. We have assumed that 
the exhalations exactly balance the inhalations, and the records tend to show 
that this assumption is correct. By averaging each curve of the five series chosen, 
the differences in height for the fifteen successive peaks were obtained. Then the 
averages for each group of 5 Ss were computed and plotted as in Fig. t. 

Fig. 1 shows the average height of each curve in each series. One S in each 
group showed such a distinct departure in the size of the first few exhalations as 
compared to the other Ss in the group, that these averages were not included. 
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Fig. 1. RETURN ro NORMAL BREATHING 
Group A after ‘holding’; Group B after ‘slow breathing’ 





As it is, averaging the results of 4 Ss tends to smooth out the differences between 
thé two groups, because some Ss tend to return to normal more quickly than 
others. It was difficult to measure the exact center of each series and consequently 
only. the relative differences are obtainable. 

Fig. 1 indicates a decided difference between the two groups. The curve for 
_ Group A (the Ss who held their breath), which starts above that for Group B, . 
drops very rapidly at the start and begins to flatten out at the ninth breath. The 
curve for Group B (the Ss who breathed slowly) drops more gradually at first, 
"then more rapidly starting at the fifth breath, beginning to flatten out at the 
_twelfth breath. Group A apparently comes back to normal sooner than Group B, 
as indicated by (1) the more rapid initial descent, and (2) the more rapid flatten- 
ing out of the curve. That the above is a true description of the two types of re- 
turns to normal for both groups is bcrne out by the fact that the individual curves 
show the same phenomena in every cage. 

The time élement may be the factor causing this difference, since ‘alow breath- 
ing’ practice ‘periods lasted longer, comparatively, than ‘holding’ in most cases. 
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The longest ‘holding’ period lasted 93.3 sec., whereas the longest ‘slow breathing’ 
period lasted 746 sec. In other words, the amount of work expended by Group B 
was greater than that of Group A, thus demanding a greater amount of subse- 
quent ventilation. 

It is interesting to note that this greater ventilation in Group B isona 
for the rapid decrease in the curve of Group A, thus enabling both groups to ap- 


proximate normal breathing at about the same time. But the continued decrease © 


in venzilation for Group B continues beyond tlie point of normal breathing! This 
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Fia. 2. RELATION OF THE BRSATAHING PHASE TO TH9 LENGTH OF ran ‘Houp 


(Iı represents the firat third of inspiration; I:, tae middle third; and Is, the , 


last third; En eens the first third of expiration; Es, the middle third; and Es, 
the last third.) 


seems to indicate a ‘carry-over’ effect of ‘slow breathing’ practice to continue 


beyond the normal. This phenomenon is brought out by the kymograph records 


in several cases. Some of the introspections bore this out also. For example, 
one S reported that “slow breathing becames almost automatic”; another S that 
during the day he found himself “taking a deep breath” as though he “were not 
getting enough air." The latter phenomenon mighi certainly indicate an auto- 
matic return to ‘slow breathing’ followed by a deep compensating inhalation. 

The relation between the breathing phase at the signal ‘hold’ and the ability 
to ‘hold’ proved to be very interesting. ‘This relation was determined as follows: 
the entire breathing cycle was divided into six parts, during any one of which 
the signal might have been given. 
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In Fig. 2 the dotted line represents the breathing cycle. I; represents the first 
third of the inspiration, I, the middle third, and I, the last third or the point of 
greatest inspiration, En the first third of the expiration, Ez the middle third, and 
E; the last third or the point of greatest expiration. 

Upon examination of the kymograph records it was determined at which of 
these six phases the ‘hold’ began. Reverting to the daily records, the lengths of 
this ‘hold’ were tabulated. There were 77 measurements for Iı; 35 for 13, 112 for 
I; 39 for Ej, 58 for E3, and 45 for Ey. All the measurements for each phase.were 
averaged. The results show that the length of the ‘hold’ is directly proportionsl 
to the amount of air in the lungs. 

It is interesting to note that the plotted averages, (see Fig. 2), form a curve 
which approximates very closely the normal breathing curve. The rise of the 
curve is gradual, corresponding to the inspiration in normal breathing, whereas 
the fall is sharper, corresponding to the more rapid expiration. From the appear- 
ance of the curve it will be noticed that the plotted points denoting the last third 
of the inspiration and the first third of the expiration are almost equal. At these 
points the amount of air in the lungs is approximately the same. 

It has been shown previously that there is no relation between vital capacity 
and normal breathing, nor any relation between the vital capacity and the retura 
to normal? Nevertheless, there is s distinct difference in the physiological re- 
sults obtained due to ‘holding’ and.‘slow breathing’ as reported by the Ss. The 
most outstanding of them for Group A were as follows: (1) oppression in the chest 
region, (2) feeling as though lungs and diaphragm were fluttering, (3) accentuated 
throbbing of the heart, (4) yawning and drowsiness, (5) soreness in the chest 
region. For Group B they were: (1) Zatigue in the abdominal region, (2) contrac- 
tions in the abdominal region, (3) increased bodily temperature, (4) restlessness, 
(5) sensation of choking. The effects, regarded collectively, are indicative af 
asphyxia in Group A, and of fatigue in Group B. 

The connection between ‘holding’ and asphyxia, and between ‘slow breathing’ 
and muscular exertion and effort, may be made more convincing if the two cases 
are discussed separately. The ‘holding’ group will be treated first. The oppres- 
sion in the chest region would seem to indicate that the stimulus for the breathing 
reflex is located to some extent, at least, in the peripheral organs. The impres- 
sions of ‘fluttering’ lungs and diaphrazm may be real abortive automatic attempts 
to breathe. The accentuated throbbing of the heart is apparently a compensatory 
measure to make up for a vanishing source of oxygen in the lungs. There is little 
doubt that the prolonged inhibition with its accompanying deprivation of oxygen 
caused subsequent yawning and a feeling of drowsiness. The “soreness in the 
chest region" still remains to be explained. It must be remembered that the 
complete inhibition, which is being discussed, is in some respects the same as 
maintaining a postural position for a long time, in which the muscles assume 2 
state of static contraction. Upon the strength of this explanation the ‘soreness’ 
is a real fatigue-effect, but it is more properly regarded as an after-effect, not as 
an accompanying factor. ; 

In ‘slow breathing’ the factor of “fatigue in the abdomen” is reported, but not 
described very fully. If the analogy of ‘slow breathing’ to a working muscle is 
valid, the fatigue is easily explained. This analogy is strengthened by the fact 


2p.. cit., 626. 
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that the bodily temperature was apparently increased as shown by the appearance 
of such physiological indications as perspiration and flushing of the face, probably 


due to an increased rate of oxidatien. A factor similar to the ‘diaphragm flutter- . 


ing’ of Group A is found in Group B in which “contractions in the abdominal 
region" were reported. This seems to be merely an attempt of the diaphragm to 
react in its rhythmic way, but through the voluntary control the automatic or 
reflex excitation is inhibited immediately after or soon after it has started. It 
should be mentioned that this pienomeron was reported oftener in Group B 
than in Group A. 

The factor of ‘restleasnees’ such as the moving of hands and feet, seems to 
indicate an innervation of the gu-rounding musculature in the attempt to breathe 
adequately. This is still further 5rought out by the reporta of several Ss who 
claimed that ‘strained feelings’ vere spread into the arms and back, causing 
them at times to shift their postcre. Ths symptom of sensations of choking is 
somewhat more indicative of asphyxia than of fatigue, however. 

Our previous discussion of the relation between the breathing phase and the 
length of the ‘hold’ certainly beers out the fac; that “starting with full lungs" is 
& favorable factor. The reports that “reading interesting material" and “for- 
getting about the breathirg" ware favorgble factors, are inter-related. Bair’s 
work on voluntary control shows the advisability of removing the attention from 
the movement to be effected! This makes for relaxation which in turn results in 
a greater ability to inhibit. Ths strengthens the conclusions to be drawn from 
the report on physiological resulte in which relaxation seemed to be a favorable 
factor. 

The analogy of ‘slow breathing! to a working muscle is strengthened by the 
report of the Ss that 'fatigue-in th» abdominal region" was an unfavorable factor. 
One S went so far as to report that “it is not a lack of air, but rather fatigue in the 
&bdomen" which made him stop “breathing slowly." 

The mental attitude of 3 helped very much to determine the results on many 
occasions. The presence or absence of determination and confidence, for example, 
were to some extent responsible for a corcesponding increase or decrease in the 
records. 

Eating shortly before the praztice session usually raed in a decreased aver- 
age for that session. The rate of metabolism being increased under these condi- 
tions, a decrease in the supply of cxygen could not be maintained for a very long 
time. In other words, an additiorml load &£bove the average was being carried by 
the inhaled oxygen in fulfilling it3 additional work of oxidation during the process 
of digestion. The pressure exerted by the full stomach upon the diaphragm is an- 
other factor which must be considared under these circumstances. 

Consciously or forcibly expand-ng and contracting the thoracic and abdominal 
regions while ‘holding’ was reported as favorable for a longer ‘hold.’ This might 
make it possible to use to maximum &dvartage the residual air in the lunga; or it 
may be that a voluntary action inhibits a reflex which it resembles or which em- 
ploys the same muscle groups. 

For ‘slow breathing’ two individual devices were reported: (1) tensing the 
abdominal region, and (2) smoothing out the breathing. The ‘tensing’ seems to 
be a conscious attempt to inhibi: che reflex or rhythmic contractions which were 


3 J. H. Bair, Development of vo untary control, Paychol. Rev., 8, 1901, 474-510. 


i 


i 


INHIBITION AND CONTROL OF BREATHING 337 


felt at different times during the practice. ‘‘Smoothing out the breathing" is for 
the ‘slow breathing’ group what ‘relaxation’ is for the ‘holding’ group. Further 
experimentation using designated types of favorable devices should prove in- 
teresting and more conclusive. 

CONCLUSIONS 

(1) The return to normal breathing after holding the breath shows a very 
rapid initial drop, the curve flattening out at about the ninth breath, whereas the 
return to normal after breathing slowly shows a more gradual curve, the rapid fall 
starting at about the fifth breath and the curve flattening out at about the 
twelfth breath. 

(2) The length of time one can hold the breath is directly proportional to the 
amount of air in the lungs. . 

(3) The physiological effects of holding the breath approximate asphyxia, 
whereas the effects of breathing slowly approximate fatigue. . 

(4) Favorable factors ‘for holding the breath include (a) starting with full 
lungs, (b) diverting the attention from the breathing, (c) mental set, such as 
determination and confidence, and (d) forcibly expanding and contracting the 
thoracic and abdominal regions. Unfavorable factors include the converse of the 
above plus the factor of eating just before the practice session. ` 

(5) Favorable methods reported for ‘holding,’ were to relax generally and to 
tense the abdominal region; and for ‘slow breathing,’ to smooth out and to 
prolong the respiratory activities. l 
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AN AUTOMATIC TECHNIQUE FOR ESTABLISHING 
CONDITIONED REFLEXES 


Rocer Brown Loucks,! Johns Hopkins Univereity 


A serious limitation of the usual conditioned-reflex techniques is the small 
number of animals which can be used by & single experimenter. To increase 
efficiency, a system has been developed in which the cdministering of stimuli 
and fcod and the recording of reactions are entirely automatic. Advantages of 
- this procedure are: (a) that it offers the possibility of working simultaneously 
with several dogs (i.e. where two or more sound-shielded rooms are available); 
(b) that training which involves merely the repetition of stimuli will not necessi- 
tate the experimenter’s concentrated attention but will leave him relatively free 
for other work; and (c) that, when the need arises, such training can be left to 

the supervision of a laboratory assistant.* 
-  Motor-driven timer or circutt-closer. It is frequently desirable in conditioned- 
reflex investigations to utilize rhythmical stimuli, e.g. a flashing light, an inter- 
mitter.t tactual prick, or a metronome beat. In Pavlov’s laboratory the first of 
these stimuli is produced manually by closing a switch at the desired rate; and 
the intermittent tactual stimulus is administered by pressing a bulb. - Pneumati- 
cally started metronomes provide rhythmical auditory stimuli, separate instru- 
ments being used for different rates. In the present arrangement, all intermittent 
‘stimuli are controlled by one device, a motor-driven timer. A brass disk driven 
by an electric phonograph motor is studded with small rivets arranged in con- 
centric circles. A small rider can be set to trail over rivet-heads in any one of 


these circles. Each time the rider passes over a rivet-head it is liited, thereby. 


causing two flexible strips to touch. In a sircle with 3c rivets, 30 contacts are 

made per revolution, and if a light is connected in the circuit it will Buen 30 times. 

(Sée Fig. r, B: 

' | JNetional Research Fellow in the Biological Sciences. This fone hae has 
Pps | 


been: worked out in the Conditioned Reflex Laboratory of the Henry 
Psychiatric Clinic, Johns Hopkins Medical Schocl. The writer is greatly in-* 


debted to Dr. Adolf Meyer for extending the facilities necessary to bars 


project. He is also greatly indebted to Dr. W. Horsley Gantt for 
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numerous questions regarding Pevlov’s trai aor in the light of "DE ; 


Gantt’s intimate contact with the Russian work. Dr. Gantt, who established. 


the Laboratory, has elsewhere described the sound-shielded room. The resent 
paper should be read in conjunction with Dr. Gantt’s more comprehensive 
description (forthcoming). 


In Pavlov’s laboratory, work is carried on with the eid of a large number of — 


medical students who train animals for credit toward a degree. Pavlov, or more 
accurately, one of his principal collaborators, takes these students in hand and 
sets them to work with one or two dogs on a specified problem. At the end óf 
the training period, Pavlov comes and spends perhaps as much 88 & fortnight i in 
personally verifying the results. 

*A synchronous motor was not used because the Suy current, was not at first 
telechronized. | 
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Az paratus for administering tactual stimuli: “Thigmoton.” Tactual stimuli are 
given by an electromagnetic-pneumatic apparatus at a rate controlled by the 
motor-timer described above. Closing the electrical circuit in the experimertal 
room vauses current to flow through a solenoid in a room on the floor below. 
When the plunger of the solenoid is actuated it causes the rubber dam of a tam- 
bour zo be struck. The wave of compression resulting from this blow passes up a 
rubbe- hose to the sound-shielded experimental chamber. By opening the 


_ prope: stop-cock valve, the pressure wave can be directed into any one of 7 


mech.nieal prickers fastened to the dog's side. "These consist of brads set in 
solder and glued to the rubber dam of a small tambour. The tambour is sup- 
ported in an aluminum frame which is stuck on the dog’s side by means of a low- 
temp«rature wax. 

| Methods of producing sound: (a) Clicks. The motor-timer is used in conjunc- 
tion with a telegraph sounder to produce a variety of ‘metronome’ clicking 
rhythms. 

( Bubbles and hisses. A magnetic valve is connected with a compressed-air 
line. When the electrical circuit is closed, the released air passes through a con- 
duit mto the sound-shielded chamber and audibly bubbles through water or 
hisses from the orifice of a pipe, according to the setting of stop-cock valves. 
Wher a bubbling noise is desired, the stop-cock valve leading to the bottle of 
water is manually opened before closing the magnetic-valve circuit. 

(c Tones. Tones are generated by a very inexpensive vacuum-tube dynatron- 
oscillator suggested by Lampkin’s circuit.‘ The tuning inductances consist of a 
Western Electric 5B Auto-Transformer with 12 taps, which provides the middle 
range of frequencies, and a honeycomb coil #1250, which supplies the higher 
tones. Fixed condensers ranging in steps from 0.001 to 0.5 mfd can be switched 
into she circuit either singly or in combinations. Pitch is shifted by altering 
eithe- the inductance or the capacity. Volume can be varied independently of 
pitch Baldwin ear-phones are connected through a 500,000-ohm potentiometer 
to ths output, one receiver being placed inside the gound-shielded chamber, the 
other near the experimenter. As now constructed, the oscillator has a range from 
approximately 32 d.v. to a value well above the upper limit for man. The hizher 
tones appear satisfactory as regards freedom from harmonics; and it seems 
prob ble that, with a dynamic-type telephone-receiver to transmit the tone, the 
lower tones, which now carry an undesirable number of overtones, will be im- 
proved. Further details will be given as studies utilizing the tone-generator are 
publsshed. 

Food-bor. The food-box now in use consists af 12 hinged shelves mounted one 
above the other ina chute. On a level with each shelf is an electric door-bell with 
the gong removed. The clapper arm or armature supports the shelf at its outer 


.@dge When the coil of the bell is energized the armature is attracted and the 


shelf drops. 
Tape-recording chronograph. <A Gaertner 4-pen tape-chronograph, which 


' marls on a waxlike-coated paper, is used for recording. It is imperative that no 


* 


P . part of a record be illegible; and this instrument has proved singularly reliable. 
The “ange of speeds was shifted by adding a light in series with the motor. Click- 


,,*. F. Lampkin, A dual-frequency audio source for general send use, 
ontes, I, 1930, 417. 
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ing of pen-armatures was reduced to & minimum by placing rubber washers on 
the pole-pieces. One pen records the duraticn of the stimulus, a second indicates 
the point at which food is given, a third the drops of saliva secreted by the dog, 
and the last, the time in seconds. 

Time-clock. When the frequency of the city current was teledtironised & 
common electric house-clock was fi:ted up to replace the Harvard time-clock, 
notoriously erratic, which had been employed thus far. This device is very de- 
pendable; and the marker can be.sterted by merely throwing a switch.’ A brass 
gear with sixty teeth was turned down to 1/16-in. in thickness, and the hub re- 





6 waits m 100 watts. 


Fra. 3. CIRCUIT or TER Tu-Crock 


moved. It was then fastened by seating wax to the inner surface of the clock’s 
glass cover. A coil-spring was solderad to the second-hand so aa to touch lightly 
the teeth of the gear, thus making sixty contacts per revolution. The circuit in 
Fig. 3 indicates that at each contact the grid current of the vacuum tube is in- 
creased: the coincident increase in piate current actuates a relay. The Philco 
Relay, rewound with #27 wire to increase the impedence, can be omitted where it 
is feasible to rewind the marker. 

Drop-recorder. For the past eleven montha, records of salivary secretion have 
been taken by means of a very simple but reliable vacuum-tube drop-recorder. . 
This method of recording differs from. that of Hannicke, in Pavlov’s laboratory, 
in that no electrolyte is necessary and that drops are removed from the electrodes 
. by surface-tension rather shan by sustion. Furthermore, in the Russian arrange- 
ment the conduit is filled with air ag zar as the electrolyte-bottle, whereas in the 
present system the pipe is entirely filled with water. Secretion of saliva displaces 
water in a conduit connecting the glass receptacle fastened over the dog's parotid 
fistula with a dropper outside the sound-shialded chamber. See description by 
Gantt (note 1). 

Recertly, Harris has described the vacuum-tube drop-recorders used by 
English investigators.) The open-gr-d circuit described in the present paper 


‘This device is adaptable for € laboratory classes, the only modification 
n being the addition of a Philco Relay k to each group of student desks. 


Philco ya of cost 75c, the vacuum tube an equal amount, and electric clocks 
can now bep for as little as £1.00. 
‘D. T. Harris, Thermanie drop-reeorder, J. Physiol., 71, 1931, xxii. 
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(Fig. 4) is particularly suitable where the dropping rate varies over a wide range, 
as.is the case with conditioned gecretions. Due to the fact that each drop de- 
creases the plate current through the relay solenoid, thereby releasing the arma- 
ture, the excursion can be very rapid and slight, and yet break the marker-circuit 
effectively. Since the grid bias is an all-or-none affair, the adjustment is not 
critical and does not require attention. 

The orifice of the dtopper is a glass pipe drawn to 0.977 mm. outside diameter. 
The upper electrode, a wire .202 mm: diam., is brought into the pipe through an 
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opening several centimeters above the orifice, and extends down the capillary 
tube to the outlet. The lower electrode consists of & platinum wire.so bent as to 
hold a strip of paper-toweling approximately 2 mm. wide and 15 em. long. The 
‘paper provides a surface film of water which snaps away each drop at the instant 
of contact; and its lower end dips into a wide basin of water. The size of drop 
varies according to the distance of the lower electrode from the orifice, & drop of 
0.00125 cu. cm. being accurately counted. Rates of over 1000 drops per min. 
have been reliably recorded. . 

Master-conirol or robot. A robot takes the place of the experimenter in 
tripping switches that start and stop the tape-recording chronograph, administer 
stimuli and food. It will close or open a series of electrical circuits over a time- 
interval of approximately two hours. (The daily experimentation averages 
about one hour for each dog.) The switches can be adjusted so as to trip either 
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simultaneously or within 5 Bec. of each other, or at eny greater interval on up to 
the full 2 hr. span. The apparatus contains 72 switches at present, although the 
number of circuits that can be controlled may be increased indefinitely. The 
various stimuli noted above may all be administered by the robot. The tape- 
recording chronograph starte before each stimulus and stops after each secretory 
reaction. A permanent record is thus obtained of the points at which the stimulus 
began and ended, the point at which the food was given, and the number of drops 
of conditioned secretion (see Fig. 2). 

The arrangement is as follows. Twelve arms are mounted one above the 
other on'& shaft, and turn freely within 12 respective hoops of slightly greater 
diameter. The steel hoops are fixed to & supporting frame-work and do not turn. 
Small toggle switches are so mounted upon the hoops that they may be slid along 
the circumference and fastened £t any point by mesns of a set-screw. The arms 
are driven by a motor, through a reducer, and turn in cumulative sequence. ' As 
the bottom arm turns about within its respective hoop it trips the switches at 
the periphery. Upon the completion of one revolution it catches the arm next 
above, carrying this second arm around with it during the second revolution. In 
succession each arm catches the one directly above, the last added arm tripping 
the switches in its hoop. At the twelfth revolution all arms are turning as one, 
the top arm alone tripping switches. 

General procedure. Mochanization o? the training involves certain basic 
principles which may be briefly considered. In Russian studies of conditioned 
reflexes, there has been a marked tendency to emphasize the individuality of 
each dog. Pavlov looks upon his animals as exhibiting definite temperaments.’ 
Accordingly, the training procedure to be used with one dog differs from that 


most adequate for‘arother. Furthermore, considerable flexibility is exercised | 


in the routine employed with one and the same dag. For example, on one day 
4 stimuli or trials may be given, the next day, 12; on one day a flashing light, a 
bell, and a metronome may be administered, the next day, 4 tactual stimuli. 
In same instances two new stimuli mav be introduced on the same day. The 
interval between the beginning of the st-mulus and the giving of food is con- 
tinuslly varied. 

It does not follow, of course, that because rats can.be trained in a a rigidly 
fixed routine, such a procedure is the most adequate for dogs. And while the 
great majority of studies in the animal field strive to keep the number and nature 
of stimuli uniform, Pavlov has offered considerable evidence to show that by 
the constant repetiticn of one stimulus a dog may be ruined for further work. 
In consideration of these two opposing roints of view, the writer has followed 
the principle of using more than one stimulus during the day's experiment, but 
of acministering the stimuli in a fixed order. For example, although a particular 
experiment is primarily concerned with the tactual analyzer, two other stimuli 
would be included in the daily sequence a3 follows, bell, bubbling sound, tactual: 
bell, bubbling sound, tactual: bell, bubbling sound, tactual. (The significance 
of position and time-interval may be partialed out experimentally when it is 
so desired.) In the above ins-ance the bell and bubbling sound are added in 
order to give the variety considered receasary to prevent the dampening out 
of the reaction to the tactual stimulus. 
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Because the modern work in animal behavior has emphasized the variability 
of reaction—and there is abundant evidence that marked fluctuations are com- 
monly observed in Pavlov’s dogs—it seems imperative that an ‘experiment’ 
involving quantitative values should include sufficient measurements to permit 
an estimation of the range of normal variability. The writer does not advocate 
continuing a stimulus in the event that it becomes inhibitory, merely for the 
sake of uniformity, but he would emphasize the desirability of keeping the 
training-order fixed over relatively long periods in order to obtain & fair sample 
of chance variations in the dog’s secretions. 


SUMMARY 

An automatic technique has been developed for establishing conditioned 
reflexes in doge. A master-control device or robot administers the various 
stimuli and food, starts and stops a tape-chronograph which records the duration 
. of the stimulus, the point at which food is given, and the drops of salivary secre- 
tion. Additional apparatus comprise the following pieces: Motor-driven cireu:t- 
closer, for timing intermittent stimuli; electromagnetic-pneumatic device for 
producing tactual stimuli; time-clock on house-current; electrically controlled 

` food-box; and vacuum-tube drop-recorder. 


AN INEXPENSIVE MEANS FOR TIMING OSCILLOGRAPH RECORDS 
By WinwER T. BAgTrROLOMEW, Peabody Conservatory of Music 


In the preparation of apparatus for an extended series of oscillograph records, 
the need of & reliable timing device presented itself! In oscillograph practice, 
when it is necessary to determine with precision the time-relations of phenomena 
to be recorded, it is customary to pass an A.C. current of known and constant 
frequency through an auxiliary vibrator, photographing the resulting time-line 
simultaneously alongside of the record of the phenomena. For frequencies in 
the musical range, however, the usual commercial currents would have been of 
no value, since in order to separate the sound waves sufficiently for proper analysis 
the film speed has to be increased so much that a low frequency of say 60 cycles 
if used for a time-line would give so broad a crest in the photographic record as 
to be unreadable with precision. This is particularly true in narrow-width 
films, where the most of the available space is reserved for the sound record 
itself, and the time-line, if of low frequency, must therefore be very ‘flat. Re- 
course is then usually had to a special generator delivering 500-cycle current, 
or to some sort of vacuum-tube oscillator. These latter are very satisfactory 
when good, but if they are as accurate as we like them to be, they are rather 
expensive. 

Many investigators use the electrically-driven tuning-fork, but these are 
neither accurate nor reliable, in our experience. Contacts heat up, and require 
constant adjustment, sometimes at crucial moments. More serious, this changes 
the frequency characteristics. Even the microphone-driven fork is not entirely 


IFrom the Department of Research of Peabody Conservatory of Musie, 
Baltimore, Maryland. 


- 


344 APPARATUS 


free from these objections. Probably the most precise means known is the 
combination of a tuning fork and an oscillator in such manner that the fork 
controls the frequency of the oscillating circuit, and is itself maintained in vi- 
bration thereby. . This, however, is expensive and complex, and a simpler method 
was developed as shown in Fig. 1: 


— —À 
— m ee ee 
— cav o c t 


| 
| 
i 
i 
i 
i 
| 
l 
l 
' 
i 
| 
2 
E. 
—  —! 









Si 
"uro 
AM: A t 


P; EM at 
i ^ 555 bii 
[SZ S ——— —ÉE 











pam m m e G He mea a marie lS m 


M — m ee 
A 


Fra. 1. APPARATUS FOR Truma Osor.LoaBAPH Rmoorps. 


A tuning fork (1) mounted on ita resonator box, is placed so as to be struck 
by the felt hammer (2). The handle (3) of this hammer is rigidly secured in the 
wall of the box which contains the whole set-up. A telegraph sounder (4) has 
been modified and placed on a shelf so as to serve as & trigger to release this 
hammer. When the sounder-arm (5) is pushed down, the hammer can be bent 
back past the point of the nail (6). The sounder-arm can then be released, 
lifting the nail sufficiently to hold back the hammer-shank, which will bear 
against the nail because of the spring of the bamboo wood of which the shank is © 
made. ‘Obviously then, when the sounder-arm is depressed magnetically, the 
nail releases the hammer, which flies against the fork. To prevent movement 
of the hammer in the vertical plane, guides (7) have been provided. The 'orange- 
sticks’ used by dentists proved satisfactory here, though any wood strip would 
do. Twine would doubtless be satisfactory here also. Wires were used at first, 
but proved unsatisfactory, because they were set into vibration. themselves to & 
greater extent than the wood. A screw (8) bearing on the bamboo shank regu- 
lates the tension, and thus the strength of the tone. A set-screw (9), extending 
out from the sounder-arm, adjusts the height of the nail. Noise (which, if it 
reached the oscillograph microphone would invalidate the records) has been 
minimized by padding the striking points of the sounder-arm with felt, at the 
points marked X. In addition, the device (and in fact all of the recording appa- 
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ratus except the microphone, amplifiers, and control switches) is located in & 
dark room soundproofed from the studio where the singer or player performs. 
The sound of the fork is picked up by an ordinary telephone transmitter (10) 
placed at the opening of the resonator-box, and concealed from view in the 
figure by the coils. The current from one dry cell, controlled by the knife switch 
(11), passes through this transmitter and through the primary of a small trans- 
former (12). The transformer is necessary in order to keep D.C. out of the oscil- 
lograph vibrator. The secondary of this transformer is connected directly to the 
time-recording vibrator of the oscillograph. Various current strengths and trans- 
former ratios may have to be tried before the proper amplitude be secured in 
the timing-wave. The vibrator used for this purpose in our set-up is a high-sensi- 
tive one, a product of the Westinghouse Company, requiring only 8 milliamperes 
per inch deflection on the film. Thus it is necessary to use only one dry call, 
even when the tuning fork is struck fairly softly. 
It is advantageous to strike the fork lightly, as 
& greater constancy of vibration is secured. Our 
transformer was easily constructed by tying 
together two of the ‘honeycamb’ coils once 
popular in radio sets, although considerable 
trial-and-error was necessary to find the proper 
combination of sizes to give the best amplitude. 
A one-to-one ratio,: using coils ‘“T-200” or 
“L-300” was found to give best results. 

This device can be operated in any situation where an electric impulse is 
available to trip the hammer. In the set-up in use at Peabody at the present 
time, a long belt of light material, with photographic recording paper fastened 
thereon, is driver past the oscillograph window. By means of a remote control 
switch: in the studio, at the time when the record is to be made, 2 wire on this 
belt. completes momentarily a circuit across two brushes sliding thereon, and this 
circuit by means of a relay lights the oscillograph lamp, starting the exposure. 
Another relay breaks the lamp circuit one belt-revolution later. By inserting 
the telegraph sounder that releases the tuning fork hammer in the circuit of relay 
No. 1, the time-line is started automatically whenever a record is started. 


Fig. 2 illustrates the type of record obtainable. The complex wave here is 
of a violin tone, while the sinusoidal curve points off the particular frequency of 
the fork used. If a 500 dv. fork is used, the time-line will measure thousandths 
of a second from crest to trough. 

The ‘method has the following advantages. (1) Tuning forks vibrating 
freely at small amplitudes are extremely constant in frequency as compared 
with. contact-driven or even microphone-driven forks. (2) The device is inex- 
pensive. It was made entirely of odds and ends in our laboratory. Also, cost 
of operation is practically nil. Being simple, adjustments are few and easy. 
(3) Forks of any desired frequency may easily be substituted, giving any desired 
time-line. (4) The usefulness of the set-up is not restricted to the measuring 
of sound-wave records, for it can be used as a very accurate chronograph to 
measure the time-relations of any phenomena whieh can be recorded electrically 
—reaction-times, for example. 
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A DEMONSTRATIONAL COLOR MIXER 
By G. L. Frenmay, Northwestern University 


There is one outstanding disadvantage in the use of rotating disks for color 
mixing; that is the confusion which often rasults when the student attempts to 
visualise the laws of mixture in terms of the color pyramid. A possible means of 
overcoming this would be to mix the colors directly upon a model of the pyramid. 
The following device indicates the feasibility of such a plan. 

Fig. 1 shows an apparatus whose general form resembies the base of the color 
pyramid. The face of the 36 in. sq. frame is covered with black velvet, and the 
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Fre. 1. A DewonstratianaL CoLor Mixx 


four terminal or primary colora are painted on the tin reflectors in each corner. 
‘Each reflector carries a 100 watt electric light bulb with an appropriate yellow, 
green, red, and blue glass filter. A hinged cover in front of each filter makes it 
possible to shut off the illumination from any lamp without switching off the 
current. The frame is mounted in an upright position so as to face the audience. 
It can also be revolved about the axis at its center. 

So far, the apparatus resembles the tracitional frame for the demonstradon 
of shadow contrast.! The innovation comes with tha introduction of a mixing- 
unit. This consists of a square glass box with a frosted top (i.e. the plane exposed 
to the audience)? in which a mirror is placed at a slight angle so as to reflect the 
light outwards. The mixing-unit may be used at the center of the frame or at 
. various other positions, as slita for the holder of the mixing-unit have been cut, 
&s Fig. x shows, along the diagonals and parallel to the edges of the frame. 

The following demonstrations may be made with this apparatus. 





1Cf. E. B. Titchener, Experimental Psychology, Qualitative, Insiructor's Man 
1901, 35; and E. C. Sanford, Experimental Paychology, 1894, 155. Bb 
*We used a square, frosted lamp with a ground glass plate fastened to the top. 
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(1) Base of the color pyramid. Take off the mixing unit and place a sheet 
of white cardboard over the entire frame. The lights reflected by this surface 
` will fuse in a manner which suggests how the base of the pyramid would look. 


(£) Mixiure of antagonistic colors. (a) With the white cardboard removed 
and with the yellow and blue lights covered, move the mixing unit diagonaliy 
-across the board between the green and red light-eources. Viewed from the 
. front, the ground glass plate of the mixer will be seen gradually to lose in saturation 
of green, to become gray, and then to gain in saturation of red. The procedure 
may be repeated for yellow and blue light, using the other diagonal of the frame. 
It should be noted that in this demonstration it is necessary to keep the mirror 
of the mixing unit in line with the direction of movement: otherwise it will present 
an obstruction for the mixture of transmitted light. (b) Place the mixing unit 
at the center of the frame and leave all four lights uncovered. The ground glass 
plate appears gray. When each light is now covered in turn, the antagonistic 
color will show up in the mixing unit, 

(8) Intermediate color mixtures. (a) Place the mixing unit in one of the 
alits parallel to the edge of the frame. Cover all lights except those adjacent to 
this line, Turn the mixing unit so that the plane mirror faces the sources of light. 
Move the mixing unit along the slit between the two lights, for example, blue and 
red. The audience will note the changes in that half of the ground glass plate 
which is illuminated by the reflected light from the mirror. The procedure may be 
repeated for other color-combinations. (b) Place the mixing unit in the center 
of the frame. Leave all lights uncovered. Keep the position of the mixing unit 
constant and slowly revolve the frame aboutit. The audience will note the changes 
in the color of the mixer as the various lights are reflected by the mirror. It may 
be explained that this demonstration is essentially the same as if one moved the 
mixing unit around the base of the color pyramid. | 


(4) Simultaneous conirast. This demonstration is much like that which is 
usually given with shadows. All lights are covered except one. The mixing unit 
is placed at the center of the frame so that the back of the mirror intercepts the 
light. This shadow is cast upon a piece of cardboard held behind the mixing unit. 
The audience will note the changes in the color of the shadow under different 
illuminations. ; 

The pedagogical advantages of these demonstrations are obvious. With 
regard to their practicality, we can report that we have used the mixer with success 
even in partially darkened rooms. The cost of construction is minimal? The 
: chief difficulties come in the selection of appropriate filter glasses. A great deal of 
trial and error is necessary here in order to produce fairly well saturated light. 
We have found that a combination of colored glass and gelatin paper is satis- 
factory. For example, if the blue glass transmits a purplish light, use a sheet of 
green gelatin tissue to cancel the effect. Yellow usually presents the greatest 
` problem and it may be found necessary to cut down the illumination of this lamp 
in order to equate intensities. Sliding rheostats might be introduced for all lights. 

*We used tin coffee cans as reflectors. 
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A DEVICE FOR DEMONSTRATING APPARENT VISUAL MOTION 
By GzonazNs H. Smwarp,. Barnard College 
The device described here provides £ simple and inexpensive method of 
demonstrating the various types of apparent visual movement and the factors 


affecting them.! It is suitable for either individual or group observations, and 
is designed to form a permanent part of the laboratory equipment so that demon- 





Fig. 1. DIAGRAM OF DEMONETRATIORAL APPARATUS FOR APPARENT 
VISUAL MOTION 


Demonstration card Re (C sop Mis bun? windows (B) ig indicated in the 


' eard-holder. The lig ) erated b partition, are seen mounted upon & 
backboard. Wine © zn shown extending in the lampe through openings at the 
base of the backboard to connect ot wit the batteries and metronome. 


strations may be made by different ERE E and at different times under 
constant conditions. The apparatus consists of three parts: a large wooden 
screen, a light source, and a timing mechanism. The screen as is shown in Fig. 1, 
is hinged to side supports so as to operate like a door. In the center of this screen 
there is an aperture 9 by 18cm. The inner side of this opening is fitted with a 
card-holder for the demonstration slides. Fig. 1 shows a slide (A), with two 


TPThe writer wishes to eer e her indebtedness to Professor H. H. 
Keith of Hunter College and to Dr. J. P. Seward, Jr., of Columbia University, 
for helpful suggestions given her during the construction of this apparatus. 
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rectangular’ windows (B)—one horizontal and one perpendicular. © Two 2.5 
volt bulbs, (C), mounted upon a backboard direetly behind the windows, ccn- 
stitute the light sources. Uniformity of the illumination of the stimulus-fields 
and the obscuring of outlines is attained by placing a piece of flashed opal glass 
behind the slide. The device is operated in the Barnard Laboratory by means 
of & mercury-cup metronome, but. any timing apparatus which alternates the 
current to the two lights will suffice. 

A partition between the bulbs prevents diffusion of light from one window 
to the other, while side and top boards prevent general diffusion. The outside 
of the apparatus is painted black. ' For the best effects the demonstrations should 
be made in & darkened room. Under these conditions ‘movement’ appears 
without the distraction involved in the actual movement of any part of the 
- apparatus. This device, since it works automatically, eliminates the experi- 
menter’s reaction-time, and leaves him free to give whatever suggestions or ex- 
planations he finds necessary and desirable. 

We may clearly demonstrate the various ‘movement’ bones by using different 
slides. By varying the rate of the metronome, the effect of changing the temporal 
interval between successive flashes of light may be shown. Differences in intensity , 

of illumination may be studied by increasing the voltage or using larger lamps. 

We may show the effect of hue by covering the flashed opal glass with colored 

gelatine filters. It is impossible with the present set-up, since the distance between 

the lights is fixed, to demonstrate the effecta of spatial separation. This limitation, 

however, might easily be overcome by mounting the lamps upon small blocke of 

wood fitting into grooves along which they could be moyed to coincide with win- 
: dows placed at varying distances apart. If the above suggestions are followed this 
new apparatus will provide convineing laboratory demonstrations of the principal 
factors involved in apparent visual motion. 


NOTES AND DISCUSSIONS 


‘Insigut 


The term under discussion js one the common meanihg of which is understood 
by all. “Sight into:-thorough knowledge or skill: power of acute observation;” 
these are the definitions given in a small dictionary. But can psychology use 
such & term, with such meanings, in what it chooses to call a scientific context? 

Kohler, who did ‘use the word “insight” in his description of the mentality 
of apes, was drawing a sharp contrast between certain performances of these 
animals and the behavior reported by other investigators of animals in mazes 
and puszle-boxes. Köhler found that bis apes could discover a way of doing 
something quite suddenly and without a previous period of ‘trial and error.’ ’ 
In a simple instance, an ape uses a stick for the firs; time to get a banana lying 
beyond ita reach. Not only did the chimpanzee use the stick, which he then 
saw stretching in his line of-vision towards the desired fruit, he used it appro- 
priately, and he retained thereafter a speciel interest in sticks and other longish 
, things in all similar situations. 
This c between the stick and the fruit Köhler calls “a material - . 
‘inner, relation, . . . an interconnection based on the properties of these things.. 
themselves, not à "Épcquetit following each other’ or ‘recurring together. "i - 

Kehler at least tried to give an unprejudiced description of the observable 
facts; but he went farther, and chalienged us to account for this Leu strictly in . 
. terms of the principle of association. 

. In his more recent book—Gesialt Psychology —Kühler writes as flore: 

When I used this term in my treatment of intelligent behavior in apes, I ran 
the risk of an unfortunate misinterpretation. Since that behavior comprised 
extraordinarily conspicuous accomplishments which we did not e t to find 
in animals, insight would be Sai misinterpreted as some special and s 
natural faculty producing admirable and otherwise inexplicable results. As I 
used and intended the term, nothing of that sort should be implied in it. To 


avoid & similar misunderstanding this time, I have imedya concept here 
in application to very common and simple facte. 


These {common and simple facts” are just those which distinguish “thorough 
knowledge” and “acute observation" from insufficient knowledge and vague or 
confused observation. But here many psychologists will object that “eaqmmon 
and simple facta" lack a scientific status; indeed, that they are not facts at all, 
but meanings which, while they may serve well enough in a dictionary, cannot 
properly be counted as existential data either of consciousness or of behavior. 

At this very point the Gestalt-theory parts company both with introspective 
existentialism and with a so-called objective behaviorism. I permit myself 
the use of the derogatory “so-called” in referring to behaviorism because, in my . 
opinion, Gestalt-theory bas more to offer at present to behaviorism than it has 
to Titchenerian existentialism. l 

IW. Kóhler, The Mentality of Apes, 1925, 219. l 

"Op. cit., 1929, 371. | oe 
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To consider Titchener’s position first, I find nothing in it to which one can 
seriously object, if one is willing to accept Titchener’s premises.’ ' 

In the last analysis the validity of any set of premises is pragmatic. In 
Titchener’s case the pragmatic validity of his postulates. is to be found in his 
desire for a ‘pure’ science of experience as such. I do not see how any fault can 
be found with a systematic attempt to study experience at its face value, ar to 
classify it in accordance with its observable attributes or properties. Whether 
such an attempt will prové succesaful is another question—a question to which 
a negative answer has been given by all other schools of psychology. 

A psychology of existential experience does not become a science simply be- 
cause its theory is valid, but only when its data are acceptable as the pivotal 

facta of a system. It is well-known that these data are not acceptable to the 
behaviorist. If they were, he would have no just grounds for attacking their 
validity. “Logically,” wrote Titchener, “a strict behavioriam can have no 
— quarrel with an existential psychology, since there is no point'of contact between 
the two disciplines.” 

Yet others beside behaviorists have attacked the validity of existential 
experience. Since Brentano’s time the functionalista have insisted that the 
data of experience are but indications of the way in which minds work. The 
introspective observations of the Würzburg school, in their turn, revealed data 
which were not describable as existential contents; and finally the Gestalt- 
psychologists have shown that the attribution of uniformity to existential con- 

‘tents-is untrustworthy, since it rests, not upon the actual contents of experience, 
but upon a figure-ground pattern which shifts markedly with the total behavior 
of the observer. 

The inaightless, meaningless, facte of existential psychology stand or fall | 
with the possibility of demonstrating their existentiality. Logically one can . 
make out & perfectly good case for their putative existence. But while logic can 
predict conscious contents, observation alone can demonstrate their existence 
as pivotal facts. 

If we turn now to behaviorigm, it is not so easy to say what this discipline 
can do with “insight, thorough knowledge or skill: power of acute observation.” 
There are too many behaviorists to compare with the single Titchener, and their 
views obviously lack the consistency of a single highly gifted individual? As - 
for the views of the father of the movement, John B. Watson, we should agree, 
I think, that they have become a little warped by the method which this brilliant 
idealist has adopted in their presentation. I am also doubtful if Watson would 
seriously defend in private certain of his more striking publie utterances. 

If I must fall back upon my own notion of a behaviorist to answer my ques- 
tion what use he has for the concept of insight, I do so with the.knowledge that 
no person is likely to step forward and identify himself with my picture. Since, 

' however, my aim is to make real behaviorists of those who accept the name, I 
shall perhaps be able to escape the sharge of setting up a straw man whom I can 
easily knock down. 

My behaviorist, then, is as yet unaware of the use to which insight can and 
should be put im his system, and this, primarily, because he has not weansd 
himself away from the existentialism of the Titchenerian doctrine. My be- 


'Cf. K. A. Williams, Five behavioriams, this JOURNAL, 43, 1931, 337 f. 
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haviorist began his career by revolting against two things (1) the contents of 
consciousness and (2) the teleology of functionalism. In these respects he has 
much in common with Watson because the two systems of psychology with which 
Watson was best acquainted were those of Titchener and Angell. 

My behaviorist has rid his doctrine of conscious states which can be described 
and ordered in terma of their own properties. Instead, he proposes to study whát 
man and other animals do, and why they do it, in terms of their situations and 
responses. But although he has meast to reject the more important data of the 
Titchenerian system, he has only translated them to the biological rel upon 
which Titchener, himself, made all conscious contents depend. 

Titchener has described the major sciences in the following. way: 

Psychology is the science of existential experience r ed as functionally 
or logically dependent upon the nervous system (or its biological equiviant n 
biology is the science of existential experience regarded as functionally or logically 
dependent Mp the physical environment; and physics (including chemistry 
and physical chemistry) is the science of existential experience Tegarded ‘as’ 
futoBonally or logically interdependent.4 

. My behaviorist rejecta the first clause of this statement, and proceeds to 
differentiate his psychology from other biological diseiplines by asserting for 
behaviorism & very special, if by no means unique, interest in the organism 88 a 


whole.. While ''existential experience regarded as functionally or logically 


dependent upon the nervous system” is superfluous-to him, “existential exper- 
ience regarded as functionally or logically dependent upon the physical environ- 


mient" is his chief concern, ‘The experience with which he deals is that of measur- . 


‘able changes or movements of the organi&m correlated with equally measurable 
changes or movements in the physical environment. Both the situations and 
‘resporses are phygical data, observed or experienced, and therefore quite as 
positivistic as Titchener’s description requires them to be. , 


My behaviorist understands this epistemological implication. He ias 


that he is dealing only with the data of experience, mine or yours, recorded and 
measured by this or that instrument of precision. I am not sure that all behavior- 
ista are so acute. Some of them talk as though they could observe data without 
the mediating agency of experience. But at least they all know, I take it, that 
they are not dealing with experience as an existential quality for itself. In this 
respect their revolt against the Titchenerian position is complete. 

In confining himself to positive data gained through the medium of experience, 


my behaviorist is limited to the correlation of what he observes of the situation. 


that confronts his experimental animal, and what he observes of the animal’s 
response. Thus he limits himself unduly, end thereby desiroys his concept of 
behavior as the total-response of the organism to its situation. . He limits himself 
unduly because his fear of becoming introspective leads him to ignore what is 
‘taking place between the stimulation and the response. His method therefore, 
reduces itself to a kind of statistical correlation of situations and their prepotent 
, stimuli, with responses and their re muscular Ron Ende and glandular 
gecretions. 

But Behavior, both as the behaviorist would have it, and as the biologist 
finds it, is no statistical construct but a fundamental fact of organic life. With 


tE. B. Titchener, Systematic Paychology: Prolegomena, 1929, 32 f. 
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respect to development, the creature’s special organs arè more a product of its 
behavior than a set of original parts which when assembled begin to behave. 
If we thus take behavior seriously, not as something to be explained in terms of 
something else, but as the fundamental premise of our science, it follows that 
"material inner relations” based on the' properties of behavior itself will bridge 
the gap which otherwise appears to exist between situation and response. 

This bridging the gap requires another description of behavior than that 
which has usually been employed in our science. in Kóhler's words: 

It is the layman’s belief that, in general, he himself directly feels why at one 
time he has one attitude, and later on another; also that, for the most part, ha 
knows and understands directly why he is inclined to do one thing in a certain 
particular situation and why a definitely different thing under subsequent different 
conditions. In his view, then, he is experiencing directly and truly much of that 

dynamical context, the development of which constitutes mental life. Opposed 
to this belief and ‘altogether oreign to it, we have the view of most learned 
psychologists at the present time. From their viewpoint, one is inclined to do 
one. thing now and then another, because, in the first instance, certain nerve- 
paths are most available and, in the second ORE certain other paths are 


ad open. Fortunate those people i in whom the most permeable nerve-paths 
tice are usually the right and propriate ones!’ m the psychologist’s 
Ponit of view it would be & pure m if a person's behavior sbould ever be 


determined, as the layman believes, directly by the concrete properties of the 
abtual ita 60. The la '8 belief is in full agreement with everyday exper- 
oe: the learned view harmonizes with what we dp to be the iie n 
of natural science. I shall confess at once that I choose the layman’s 
whole-heartedly. 


But in choosing the layman’s belief it is necessary to do more than speak 
the word insight. How Köhler justifies the use of the term can be learned 


. from the last chapter of his book, from which my quotation is taken. In our 


present context, I wish to consider the validity of the layman’s belief that he 
knows, understands, in short has instght into what he is about. 

No one doubts, I suppose, that there are intelligent and unintelligent forms 
of behavior, and that insight as the layman uses the term belongs to intelli- 
gence and not to stupidity. But we cannot say that insight is given whenever 
“things possess an inner material relation . "based on the properties of these 


.things themselves." 


There are two points to the med The first is that 'inner material 


relations" do exist in behavior, that they are of its very structure, and that they 


are not to be confused with a logical distinction of terms and relations, which 
would make the terms primary, and their relations secondary adjuncts. The 
premise we urge our behaviorist to adopt is that behavior is & going concern, a 
dynamic actuality, in which the organism incorporates ite situation in its re- 
sponse, and likewise models its response in the likeness of its situation. In & word, 
the behaviorist should deal, not with situations and responses, but with situation- 
responses; for the one has no meaning without the other, whereas together they 
provide the fundamental meaning of everything the organism is and does. 

' The second point is that these material interconnections of the properties 


` of behavior, while they constitute the grounds for intelligence and insight, do 


not reveal themselves as such until the organism is able to ‘grasp’ them. Now 
grasping requires one who grasps—one who knows and understands what he is 
about. 

‘Gestalt Psychology, 1929, 349-50- 
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In the case of Kóhler's ape insight i is inferred from the manner in which the 
animal seizes the stick and reaches for the banana. It is not otherwise in man. 
But not all of man’s behavior shows insight, any more than does the ape’s. In 
neither case can the distinction be clearly made in terms of ‘good’ or ‘bad’ per- 
formance as determined by some objective standard of comparison. The criterion - 
which the layman. employs, and which Köhler so whole-heartedly accepts, ih 
the way one ‘feels’ about it. This would seem to put us back into the realm 
of consciousness from which the behaviorist hes escaped. However, it is not the 
existential experience of th:s feeling thai matters, but the indieations thus given 
of one's own or another’s kehavior. This use of experience as a means of deter-: 
"mining the nature of something other than experience is in no wise different in 
principle from what is called ‘objective’-observatian. It is not the feeling itself 
that makes insight, but the feeling that this concrete thing belongs to that con- 
crete thing in the process of behavior. Feeling, in other words, is a mode of 
observation which reveals insight whenever the observed subject, be it myself 
or any other animal, behaves with an appropriate use of means to ends. We 
call such behavior ‘insightful’ because in our own case we ‘see into’ what we are 
abort as we are about it. This means a complication of the pattern of behavior 
as compared with impulsive or chance combinations of means to ends. ‘The 
complication involves a differentiation and a clarification of the course of behavior 
with reference to its begirning, its means, and'its end. This differentiation is 
not prestribed by three things originally indifferent to each other—a hungry 
ape, a stick, and a banana; it is an achievement that may take place in a course: 
of behavior which began with an impulse.of desire for the banana. ‘We do not > 
- know precisely when the ane begins to exerciss insight in gaining what he wants. ` 
Neither do we know when we ourselves began to be intelligent. But we do 
know the difference between vague groping, with cr without chgnce-success, and 
the phenomenon: "Eureka, Y heve found it!" 

There must be a difference in these two kinds of behavior. ‘Insight’ names 
one of them. While it does not explain it to name it, it does state a problem 
which my behaviorist, who confines himself to situation and response as quite 

separate terms, cannot even state. ` 

I have stated it for him in the hope that he will see Sun desirability of enlarging 
the scope of his inquiries by adopting as his premise a behavior which to begin 
with is an integral, self-regulating, process, to be studied in terms of its develop- 
mental aspects and properties, and not m terms of a pre-arranged framework 
. of nerves which are excited by an entirely alien set of physical stimuli. 

If I have made my points clear, it will be evident that all behavior is integral 
_ with reference to the formal course it takes. Ita beginning, means, and end are 
formal aspects of a materially unified situation-response. Only by a differen- 
tiation of its aspects does the behavior warrant the attribution of insight which 
the dictionary calls "thorough knowledge and skill” or “power of acute obsér- 
vation;” because these attcibutes require distinctions on the part of the organism 
` which clarify its behavior by sefiing the creature off from ita tools and objecta. 
Insight implies neither introspection nor telelogy, the two things against which 
behaviorism has revolted. But it does imply a difference between intelligent 
and unintelligent behavior, even though it draws no sharp line of differentiation 
n them. i ` ' 
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With the postulate that behavior is always in some degree integrated, it is 
easy to find intelligence growing with a natural process of differentiation which 


* provides new means of gaining ends. It is also easy to define the degree of insight 


by negative comparisons, where we can observe in others, or in ourselves (after 
the event), possibilities which are nót, or were not, utilized. As Koffka says, 
‘we call a behaviour stupid when a performance, all the conditions for which 
are given, is not carried out."* When the conditions are not all given, the differ- 
entiations requisite for insight are simply not made. But the resultant behavior, 
though it lacks insight, is not necessarily stupid. On the contrary, the behavior 


of lower forms of organisms, and the behavior of our own internal organs of 


digestion, circulation, respiration, and the like, are essentially ‘wise’ to the ad- 
justments which they. make in and with their respective situations, 

Whether or not we choose to call this blind wisdom of behavior an evidence 
of intelligence is a matter of definition; but I should suppose that intelligence 
was somehow connected with the fundamental capacity of organisms to embrace 


situation-responses in meaningful ways. 


Insight, however, is a term for noting an intelligent behavior in which the 
‘why’ is registered by an appropriate discrimination of desire, means, and end: 
that is to say, appropriate in the only way in which any thing is ‘realistically’ 
or ‘objectively’ appropriate. For the use of the term ‘insight’. does not imply 

an idealistic philosophy, though it can be made consonant with such a view. 
Neither does it imply a purposive philosophy by its descriptive employment of 
such terms as means and ends. But it does imply that behavior is intrinsically 


^ meaningful, and that its data are neither the positive existential experiences 


which Titchener postulated, nor the independently existent parts of a machine. 

It was my original intention to discuss & recent article by Mr. George W. 
Hartmann on The Concept and Criteria of Insight I have refrained from 
doing so in the body of my paper because Mr. Hartmann's concept and criteria 
seem to fall outside the context of my discussion. -At the risk of an anticlimax, 
I shall make my comment on Mr. Hartmann’s views in the form of an appendix. 

Although Mr. Hartmann signs his article from the source and origin of 
Gestalt-Theory, the University of Berlin, I doubt if his statement of the case 
for and against insight would. meet with the approval of the Berlin Gestalt- 
psychologists. 

Mr. Hartmann’s approach to the subject is that of definition and terminology. 
His “primary task," he tells us, ‘is to attempt, by means of a comparative and 
historical analysis, a reduction of the term to the level of a cee and simple 
‘idea. % Ig 

In the course of his article the author cae me with mixing badly the 
technical and colloquial uses, of the term insight in my book: “Psychology 


‘and Education.” I make no defense, because he is right.' However, his insistence 


that insight can, or should, be used as a “clear and simple idea” strikes me as 
being questionable. Insight, as I have tried to show in the earlier part of this - 
paper, states a problem rather than a solution. ` But the very statement of the. 
problem rules out certain kinds of solution which Mr. Hartmann wishes us to 
test; experimentally. 

‘Psychologie, in Lehrbuch der Philosophie, Max Dessoir, Ed., 1925, 528. 

TOp. ci., Psychol. Rev., 38, 1931, aes f. 

ST bid., 242. 
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Mr. Hartmann’s paper erds with ten “preliminary questions" which, he says, 
“must be settled before we oan attain a satisfactory theory of insight." 

I venture to quote and make reply to his questions without recourse to the 
"extensive program of researoh" which, he adde, “will be necessary betore even 
the simplest of these problems can be answered." 

Question 1: “Are specific ingghts the outcomes of prior den 
Answer: In the context of Gestali-theory there is no trial-and-error.. 

Question 2: ‘Does all learning require some insight, even of a rudimentary 
sort?" Answer: You must first define what you mean by learning. 

Question 8: “What is the best single criterion (or group of criteria) of in- 
sight?” Answer: The observation that the behavior in question discriminates 
means and ends. I ‘feel’ my own discriminations, and I infer thase of others. 

Question 4: “Is insight necessarily accompanied by ideas? If so, what is 
their character?” Answer: In the context of Gestalt-theory ideas have no 
special place as a class of entities which can be said to accompany insight. 

Question 5: “Ts insight an active production of the-organism, or does it arise 
spontaneously?" Answer: 3oth. The dilemma is not rigorous. 

Question 6: “Is the moment of insight emotionally-toned? What is the 
nature of this coloring?" Answer: These questions imply introspective data 
which are irrelevant to a bare statement of insight as a special kind of behavior. 
The organism is undeniably ‘moved’ whan it indicates insight; it may also be 
‘moved’ without insight. 

Question 7: “Can. insight be identified with ‘association by similarity?” , 
Answer: Not in the context of Gestalt-theory. ` 

Question 8: “Is insight & species of the genus intelligence, ar vice vee 
Answer: It is a species of intelligent behavior. 

Question 9: “How is insight related to inference and induction?" Ringe 
As types of behavior inference and induction are species of insight. 

Question 10: ‘What is the connection between closure and insight?" Answer: 
. All insight implies closure, but not all closure is effected with insight. 

My answers are not all very significant, nor, perhaps, in every case sound, . 
because Mr. Hartimann’s questions are not framed as a Gestalt-psychologist 
would frame them. A functionalist or a positivist—either experiential or 
mechanistio—would probably answer these questions differently. The point is 
_ that such questions cannot properly be asked outside the framework of a definite 

set of postulates; and when they are asked the framework will suggest most of , 
the answers as a necessary consequence of the postulates. 
^ There is plenty of experimental research to be done before we can know 'all 
that insight implies, and whether. or not wo can give it the strict definition Mr. 
Hartmann desires, but I confess that my insight does not tell me how these ten 
questions can be translated into fruitful experirnenta. 

' Cornell University . . R. M. OGDEN 


Tas Mrrno»p or QRETALT PsycaoLoay 
“To understand Gestalt psychology one must understand its procedure, how 
its hypotheses are made, how they are translated into experiments which decide 
for or against them."! Thus speaks Koffka, one of the leading exponents of the 


1K. Koffka. Some problems of space perception, Psycholagtes of 1980, 1930, 
/161-187. Further bits Genin vill be to this volume. | x 


^ * 
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Gestalt theory. This statement itself reveals one of the outstanding characteristics 
of the method of Gestalt psychology. The hypothesis is made first and after- - 
. wards experiments are conducted to furnish the data. -A sense of fairneas de- 
mands that it be kept in mind that the evidence may be either for or against the 
hypothesis: Nevertheless, this method puts the user of it in the position of seeking 
proof, even when the evidence proves his hypothesis false. i 

-The criticism of Koffka’s method is not directed against a search for data to 
prove or disprove a theory, but rather against his use of an assumption, unsup- 
ported by adequate experimentation, as an hypothesis, A mere assumption in 
harmony with a general theory is not an hypothesis, no matter how convincing 





Fie. Y. KorrkA's Fics. Y AND 4 
(a) designed to illustrate & solid, (b) a plane 


may be the arguments in favor of it. Hypotheses are established not by argument 
and illustration, but by careful experimentation. The truth which advocates of 
Gestalt will eventually contribute to the science of psychology will have to survive 
in spite of their procedure. A casual reading of Kóhler's discussion of “Some Taska 
of Gestalt Psychology” will make this clear to the unprejudiced reader.* A better 
example of the fallacy of this principle is found in Koffka's treatment of “Some 
Problems of Space Perception.’ : 

In his discussion, configuration or Gestalt is accepted by hypothesis.. The 
writer then proceeds to prove the truth of the hypothesis by arguments based upon 
the visual perception of certain géometrical figures. The two figures on which the 
main argument depends are the Necker cube, (a) in Fig. 1, and a second figure, 
designated by Koffka as Fig. 4, (b) in Fig. 1, which is produced by adding two 
lines to the first figure. 

Neither the statement of the hypothesis nor a detailed discussion of the argu- 
ment is of significance with reference to the point at issue here, namely the method 
of procedure. Only so much of the argument as is necessary to make clear the 
fallacy of the method will be given. 


*W. Kohler; idem., 143-160. , 


*Koffka, op. cii. ' 
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Speaking of Fig. 1 (a), Koffka says: ‘This drawing appears to everyone a3 a 
cube, 1.e.'as a tridimensional shape notwithstanding the fact that in reality it 
possesses only two dimensiong."* After discussing two other figures, omitted here, 
he continues: “Finally Figure 4, [our Fig. 1 (b)] which has been produced from 
Figure 1 by the addition of two lines, will agein a>pear as bidimensional.”... “None 
of these appearances is absolutely compulsory, but doubtless they are the spon- 
taneous ones.’® Koffka further argues that it is difficult to see Fig. I (b) i in three 
. dimensions. 

Then follows an explanation and interpretation of these. spontaneous percep- 
tions in terms of Gestalt. In attacking the experience hypothesis as an explanation 
of these alleged spontaneous perceptions, Koffka saya: “Tf the reader admite that 
Fig. 1 appears spontaneously as three-dimensional and Fig. 4 as two-dimensional, 
he would have to explain this by pointing out that Fig. 1 as a stimulus has more in 
common with a stimulus which in the past has aroused the experience of a cube 
than che second. Can such a statement be validated?"* - This is followed by more 
argument in support of the organization hypothesis with more geometrical figures 
to'support this argument. But to,leave argument and to seek facts; what data 
are back of the assertion that "doubtleas" Fig. 1 (&) is spontaneously perceived 
as three-dimensional, and Fig. 1.(b) as tvro-dimensianal? 


In order to find out how these figures are spontaneously perceived, the writer, 
with the aid of one of his students, carried on the investigation described below.? 
The printed pages on which the Figs. 1 and 4 appear in “The Psychologies of 1930" 


| were covered with sheetà of white paper. Holes were cut in these sheeta so that | 


each figure was plainly visible on a white >ackground, as all printed matter and 
other geometrical figures were concealed. Beginning with the first grade these — 
figures were shown to white children in every grade up through the senior high 
school. Then a sampling was made of negro children in the second, third, seventh 
and eighth grades. The figures were also shown to college students and to mem- 
bers of the college faculty. ' 

` Care was taken to show each figure first to half of the Ss. TE NE 
shown, the experiménter asked the questions, “What is this a picture of? What - 
does this look like?" Records were kept by grade, age, sex, and race; but the 
results showed that there were no significant differences due to any of these factors. 
In the lower grades, each figure was usually called a box. Occasionally Fig. 1 (b) 
was called a kite, but when asked, "What kind of a kite?" the answer was, “A 


‘box kite.” In the upper grades the figires were generally called cubes, but - 


frequently they were called boxes. Ons college frashman, more “spontanéous”’ 
then others, perhaps, called Fig. 1 (a) a “hexalogan.” When questioned further 
she said that it was a solid. Some called Fig. 1 (b) a diamond or cut stone. Care, 
was taken to ascertain exactly what the terms used to describe the figures meant 
to those using them. “Diamond,” for example, was not scored £a tridimensional 
unless the subject gave unmistakable evidence that a solid was meant. . 

Table I shows how these figures were “spontaneously” posed by the 
different groups. 


‘Totd., 163.' , Mbid., 164 f. ibid., 166. 
"Miss Carol i sone: conducted the Sa a in the publie idis of 
Chickasha, Oklah 


pred 
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TABLE I i 
"SroNTANROUS" VISUAL PERCEPTION or Korrka's FIGB. 1 AND 4 - 
': Perceived as: 
Group ` No. bidimensional : tridimensional 
Grade Tested. Fig-t Fg.4: Fig.r Fig. 4 
White: . 
1 38 I. 3 37 35 
2 48 2, 8 46 40 
3 49 ' 0 5 49 44 
4 68 o I 68 67 
1 IS 73 o I 73 72 
6 ' 24 o Q 24 24 
7 28 | o 2 28 26 
E: I8 o o 18 18 
i 9 : 26 o O 26 26 
IO 16 O 2 I6 14 
II 16 o I I6 15 
I2 +, 27 a) I 27 26 
Negro: . ; - 
i 2 10 o o ~ IO IO 
l 29 0 o . 29 .29 
7 and 8 60 I 8 59° 52 
College i l 
Students r gt — 4 II BT 80 
Faculty | 40 D7 3 39 — 8 
. Total | ‘661 9. 46 ^ 652 615 
TABLE II 


RxacarrruLATION or "SPONTANROUS" VISUAL PmROEPTION OF Korrxa’s 
Fras. I AND 4 


Perceived as 

X No. bidimensional- tridimensional 

' Group Tested Fig.x Fig.4 Fig.r1  Fig.4 
White Children 431 3. 24 1 ' 428 407 
Negro Children | ^99 I 8 |. 98: , QI 
College Group 131 5' I4 120 | I17 

. "Total | «661 — 9 46 652 ` 615 


In the light of these results it appears that Koffka is approximately correct 
when he asserts that Fig. 1 is spontaneously" perceived as a three-dimensional 
or solid figure. - But the resulta are very much against his assumption that Fig. 4 
is spontaneously perceived as a two-dimensional or plane figure. Only 46 out of 


- 661 so perceived it. More than 13 times as many perceived Fig. 4 as a solid as 


perceived it as a plane figure. Yet Koffka’s argument in support of the Gestalt 
- hypothesis is based, in the article cited, upon is RESUME uOn that this oe is 
perceived as & plane surface. 


- 
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It has been suggested thet possibly th» responses here recorded were not 


spontaneous because of the nature of the questions that were asked to evoke the 


response. It could be argued that the questions: “What is this a picture of? - 


What does this look like?" are a stimulus waich gives the Ss a three-dimensional 
set. These questions were chosen after considerable thought, because they seemed 
to furnish a stimulus that would evoke an immediate and spontaneous response. 


But to find out what effect mind-set may have on the visual perception of these 


figures supplementary experiment was carried out with two groups of students 
in the summer session of the University of Oklahama. In this experiment, 
Koffka’s Figs. t and 4 were again used and als» two other of his figures, Figs. 8 and 9. 


LL 


Fig. 2. Korrga’s Fras. 8 AND 9 


In the development of his argument in support of the Gestalt hypothesis, 
Koffka says that Fig. 8 is spontaneously perceived as a cube and Fig. 9 is perceived 
as a cube more readily than is his Fig. 4.* l l 

These four figures were shown to the Ss in the following order: 4, I, 8, 9. 
This order was used to give tlie advantage both of mind-set and of first impression 
to Fig. 4, which is supposed to be perceived as a plane figure. Before showing the 
figures to an S he was told that the purpose of the experiment was to discover if he 
could see the figures as plane surfaces. Care was taken to avoid any mention of 
solids or three-dimensional figures. He was told to look for two-dimensional 
figures. Theresults of this experiment are given in Table ITI. 


TABLE LI | E 
VisuAL PeRcRPTION or Korrka's Fias. 4, 1, 8, 9 wrrg Minn-Szr ror Two- 
DIMENSIONAL PIROAPTION i 


Perceived £8 


No. ‘bidimengional tridimensional ` 


tested  Fig.4 Fig.1 Fig. 8 Fig. 9 Fig.4 Fig. i Fig.8 Fig. 9 
97 4 > 4 3 6 53 . 53 54 of 


*Koffka, op. cit., 167. | i i 


é i , + 


+ 
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Even with a mind-set for two-dimensional perception everyone of the four 
figures was perceived as three-dimensional by nearly all of the Ss. Fig. 4 was 
perceived as a a by 937% of the 38; Fig. 1, by 93%; Fig. 8, by 94%; 
and Fig. 9, by 897%. 

Kofika gives no evidence that he has devised ahy technique to eliminate the ` 
influence of past experience and of instruction on the perception of space. The 
term “spontaneous perception,” therefore, is open to serious criticism, as used in 
his argument. No claim is made that the resulta recorded in Tables I and II are 
spontaneous, but only: that they are as spontaneous as those assumed by Koffka. 
Any adequate theory of space perception will take into account the influence of 
training, both informal and formal, as a determining factor. 

The purpose of this discussion is not to attack the Gestalt hypothesis of visual 
` peréeption or to defend any other theory. But it is written to call attention to the 
fact that this procedure of Gestalt psychology may lead to conclusions that are 
not based upon facts. Or does it lead from conclusions? If the Gestalt concept 
is to make g permanent contribution to the science of psychology, there must be a 
change of method. Hypotheses must be more than assumptions, and experi- 
mentation must take the place of argument and illustration. The Gestalt concept 
has little to contribute to psychology if its other hypotheses are founded on no 
better evidence than that which Koffka presents to validate the organization 
theory of visual perception. Nevertheless, (esialitheorie may be true. There is 
' need for better technique and more experimentation. 

' Oklahoma abd for Women Howard TAYLOR 


Free v8. MornriLB CHoicn ASSOCIATION AS METHODS OF STUDYING Sixx 
DrrrgRENCES 


_ For the purposes of differentiating group interests, or “objects more fre- 
quently or readily thought about,” one might reasonably expect free association 
to be more illuminative than controlled or multiple choice association. Consider, 
for instance, a multiple choice exercise in which the subject is presented with a 
stimulus-word and several, say four, associated words, one of which he is directed 
to select; namely, the one that goes best with the stimulus-word, or the one of 
which the stimulus-word first makes him think. If, as frequently happens, 
some word or object other than those presented comes to mind, the S must either 
refuse to select a word, or select one at random. What is the good of asking the 
S, which of the following words, ‘basement,’ ‘dark,’ ‘furnace,’ ‘vegetables,’ goes 
best with ‘cellar,’ or of which he tends to think, when ‘wine’ is the word that 
comes first to his mind and seems to be the most fitting?? He mechanically under- 
lines ‘furnace,’ and marvels at the naivety of the examiner. 

"^ In free association, however, the Ss record their associations without let or : 
hindrance, and genuine first associations are, theoretically at least, obtainable. , 
As compared with a limited choice of associations, free associations may claim, 
(a) to represent the S more faithfully, and (b) to produce a greater variety of 





‘Part of a research in sex.differences directed by Professors L. M. Terman and 
C. C. Miles of Stanford University. This study was ma pe by a grant 
from the Commiitee for research in problems of sex, Natio: 

3À free association score for high school Ss in a recent Sine ul was 2I 
males to 1 female associating ‘wine’ with ‘cellar.’ 
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associative material and be correspondingly more fertile of sex differences. The 
free method seems, therefore, to be, a priori, tae better of the two procedures. 
Yet a comparison of a quadruple choice and a free association exercise recently ' 


administered with the object of disclosing sex differences disproved these assump- ~ 


tions. The free association exercise was found (a) to reveal sex differences lesa 
clearly than the multiple choice; and (b) to add nothmg important to the findings 
of the multiple choice exercise. ' z 

A comparison of the responses associated with 12 stimulus-words chosen for 
this purpose at random from those commcn to & free and a controlled exercise - 
recently administered to the same groups cf Ss suggested an explanation of this - 
result, and exposed the disadvantages of ths free, association method. The com- 
parison showed: 

(1) That a majority, 54.5%, of the jree responses fell within the same psy- 
chological class as the prescribed multiple choice wcrds. By an associate of the 
same psychological class is meant an associate which, whether of the same meaning 
or not, clearly belongs to the same circle of ideas. 

(8! That a change in one or more of the choice words could have materially 
increased this majority. For the jour largest classes of free associates did not 
always agree with the four choice associazes. With the.stimulus word ‘flesh,’ 
for example, out of 391 free responses 192, aDproximately 50%, belonged to classes 
represented by the choice associates ‘blood,’ ‘color,’ ‘meat,’ ‘soft.’ But 121 free 
responses were ‘skin’ or ‘limb’ or words like them. If ‘skin’ had been substituted 
for ‘acft’ in the choice exercise the 50% would Lave risen to 90%. 

(8) That the associates prescribed for choice included some members of a 
class ‘about 10%) not represented among the free associates, and yet yielded a 
' Significant though seldom a very marked sex difference. That is to say, whereas 
in frée association only the stimulus-word can be used to reveal a particular 
class of sex difference, in multiple choice assoc'ation both the stimulus- and the 
associate-words can be used for that purpcse. This is a decisive advantage, be- 


cause a defect of the free association method is that one cannot tell beforehand 


how many associates of psychological (sex-lifferentiating) significance will occur, 
or whether the yield will be large enough zo be significant. Specifically, in free 


association economic, social, and religious words were far fewer than emotional ` 


words, words for parts of the body, or wards for activity and adventure; and 
mechanical, scientific, historical and gecgraphical words figured scarcely.at all. 
This disproportion can be reduced, no Coubt, by trial revision of the stimulus- 
words, but the simplest way to secure an even distribution of & representative 
variety of associate classes is to'distribute the associates in advance as well as the 
stimulus-words. For example, the inclusioa of ‘enemy’ as one of the four choices 
against ‘face,’ or of ‘sin’ against ‘embrace,’ induced sex differences over ‘adventure’ 
and ‘religious’ associates in neither case represented among the free associates with 
these stimulus-words. Sex distinctions can be obtained more adequately and with 
fewer stimulus-words by the multiple choice mezhod than by the free association. 


(4) That the free association method yielded certain sex differences pre-_ 


cluded from. the choice association in the nature of the case—in tendencies to 
assoccate. Synonyms, antonyms, and ‘clang’ words. Differences in these Tespects 
were not considered in our present inquirz, which was confined to meanings or 
contents; but if these 12 cases are a sample, fres associates contain much more of 


- 


- 
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this material than is necessary to establish sex differences in these respects; and 
the excess is waste. ` Thus 827 synonym-antonym associates out. of a total of 
4050 available for all classes of sex difference is disproportionate. It may be 
added that waste of another class, namely, purely irrelevant associates (words 
that appear to have nothing whatever to do with the stimulus experience), oc- 
curred rarely in the present material, indeed not frequently enough to differ- 
entiate the sexes in the tendency to irrelevance itself. — 

(6) That the stimulus-word in the free association method tended to over- 
determine the associations; it evoked so many of & particular class of associates 
(similar or cognate to the stimulus-word itself) that the other classes were reduced 
to insignificant and therefore non-significant numbers. The stimulus-word ‘face,’ 
for example, obtained 194 free associate words for parts of the body, out of 354 
. words in all. -The quadruple choice (‘enemy,’ ‘powder,’ ‘pretty,’ ‘watch ;) a& 

signed to ‘face,’ avoided words for parts of the body altogether. ‘Danger drew 
264 (136/128)! traffic words, ‘stop,’ ‘cop,’ ‘crossing,’ ‘curve,’ ‘flag,’ et cetera, and 
I0 synonyms; which left only 61 for the multiple OS. A considered iultipls 
choice can avoid such disproportions. 

(€) That beyond the four prescribed classes there were with every stimulus- 
word some free associates belonging to other sex-distinguishing classes. With - 
‘blush’ went ‘girls’ (24/14) and words for parts of the body (10/16). But thess 
extra responses with & given stimulus-word did not disclose items of sex difference 
beyond those covered by the control associates with other stimulus-words. Had 
they done so, this would have been due to the absence of words of these types from 
the choice of associates presented; consequently the remedy would be obvious. 
Not an inferiority of the controlled method as such, but a need of making the 
choices representative, is indicated. For this purpose free association provides one ' 
pseful approach amongst others to the multiple selection, as suggesting ‘promising’ 
associate classes. Once a well-considered, evenly proportioned set of stimulus- 
words and choices has been developed, a régular use of the controlled association, 
with an occasional resort to the free, would seem to be the most practical and 
effective procedure in investigations of sex difference in association. 

In seeking an economical treatment of free association material, we were led | 
to the conclusion that the same sex distinctions would emerge from scrutinizing 
a sufficient number of sharply contrasting cases* as from sifting and sorting all the 
material. But we could not with free associations make sure of the contrasting 
` cases for any particular psychological clasa being significantly numerous. For 
example, the contrasting color associates, 29/21, are too few to signify a male 
preference. But this is precisely the contingency which the multiple choice 
procedure can forestall. By selecting for its choices the most sex-contrasting 
words or word classes, and distributing them-sufficiently and evenly, the numerical 
unevenness of the free results can be prevented;.and we have instead a method of 
contrasting cases.systematically applied. - 

*The number before the solidus (/) gives the number of responses by men T: 


boys, and the number after it the number of responses by girls or women. In 
instance (136/128) 136 men and 128 women gave -raffic words in IL EENPORUD ta 


5 ‘Thati is of the reponses recorded by a far E Deua -percentage of one sex x than of 
eo 
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Differences in the character of the responses. Let us now consider the effects 
of the differences between the free and the controlled methods. In the controlled 
method the experimenter suggests the associations, in the free method they are 
left to the Ss. The 'ahoice'—the presented associates——being limited and pre- 
scribad, the S concentrates more on compering the values of the given associates 
than on giving association free play. The contralled method has no doubt leas right 
to be called association than the free method, but it is not, therefore, an inferior 
instrument for deriving sex distinctions in interest.: Put another way, in the free 
method the S reveals (or tends to revesl—2e is liable to inhibitions) the word that 
he actually does associate; in the controlled method the word which, on however 
short consideration, he decides to associa&ie with i; as being in some way most, 
, relevant to the stimulus-word, without considering what he meana by relevanoy or 
by ‘going best with it.’ In the free method the S records any word that comes to 
mind whether relevant or not, for he is not judging relevancy. For the purpose of 
the study of sex-differences the controlled metaod.seems to be the more valuable: 
it excludes mechanical and verbal associations, and it tends to reduce the influence 
of mere frequency. ‘These two words" (the stimulus-word and the word chosen) 
“are in my judgment members of a univecse ai discourse, or a cirele of words, or 
word-referenta, which go together better zhan do any other pairs" is what the S 
is declaring; and heis to that extent indicating & characteristic universe of thought, 
. or sphere of interest, a topic to which one :s emotionally inclined to attend, rather 

than a mechanical association by frequency or recency. But the free method 
abounds in mechanical associations—synonyms, antonyms, eto.—which do not 
correspond to interest in any vital sense. 

Moreover, since the experimenter in the controlled method selects the as- 
sociates, he is able to exclude the triviel ones and to, direct attention to the 
valuable. This is scientific maragemen;, an economical use of available material: 

In fine, while the free method supplies us contrasting cases in unpredictable 
proportion and at haphazard, it wastes energy on negligible differences and on 
trivial forms of association. The controled method is better able to proportion 
the associate classes, and to confine itself to relevant cases that are indicative of 
genuine sex differences. The saving of time and trouble in Raempung the raw 
material is also an additional argument in ita favor. 

. Defense of the controlled method. We now turn to the critieisnis against the 
controlled method. The first criticisms we mat were that the S tended to record 
his choice at random, and the experimenter to overlook associative differences out- ` 
side of the limited repertoire. These criticisms reat upon the asumption that the 
' S exercises himself in free association, and that none of the choices given him would 
have occurred to him. Since these assumpticns, as we have shown, are invalid, 
criticism lapses. 

' The second criticism seema more pertinent: that inasmuch as the associates 
are charged beforehand they do not disolose sex differences beyond them; and the ; 
more select the selection, that is the leas it includes miscellaneous and random 
words, the more we restrict discovery. But, a3 has already been pointed out, this 
did not hold in the present investigaticn: the controlled method disclosed all 
the sex differences (except a difference in irrelevant associations) disclosed by the 
free method. The results of a separate experiment (not reported here)* with free 


... 5Repo in a paper on “The use of free word association in disclosing sex 
difference” car ered to be published im this JouRNAL. 
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associations were confirmatory. Analysis yielded 13 items of noticeable sex dif- 
ference. It was found that not one of these 13 went undetected by the controlled 
method, though the material for social, religious, and economie distinctions was, 
as with the free method also, somewhat meager. For these 13 topics the two 
methods proved very much on a par, while a fourteenth topic, scientific and 


mechanical preferences, was fairly adequately represented in the controlled 


method, but in the free method scarcely at all. By careful selection of associates 
all the ground PORSE up by the free method can, it seems, be covered by the 
the controlled. 

In the controlled piled we fix a number of routes, and keep to them. With 
the free method we wander here and there over several. In both methods im- 
portant directions may escape us: in the controlled because we have left them out 
of our itinerary; in the free because they do not happen to come in. But the con- 
trolled method has the advantage that one can change the association routes a8 
well as the starting points. 

Summary. The responses to a quadruple-choice word-association exercise 
prove more economical, illuminating, and representative of differences between 
the sexes (and presumably between any groups compared) than free associations 
because (a) trivial, irrelevant, and random responses, prevalent in free association, 
can be avoided; and (b) a due representation of distinctive interests, which e- 
cape free association, can be assured beforehand. 

The fact that S’s responses, in the controlled exercise, are sdisvant rather than 
mechanical increases rather than decreases its value. 

Stanford University H. G. Wyatt 


“PsycHoLogy Topar:” A Qurstion oF Erures 

Some years ago a moving picture entitled “Ingagi” occasioned considerable 
controversy over cinema ethics. In court the producer defended himself on the 
grounds that all moving pictures contained some ''faking"—the house you see is 
merely a plaster façade, etc. Questions arose. How much of a picture must be 
genuine? What are the ethics of cinema production? 

To the writer, Henry E. Garrett’s essay, “Psychology today: A brief introduc- 
tion for radio listeners," seems to raise a question of ethics. What psychologists 
present in technical journals stands as their own and is usually consulted by none 
but fellow psychologists. This holds to a degree for books as well Even in 


popular magazines or newspapers the writings of a scientific man are still in large 


measure & matter which readers are free to value for themselves. An essay ap- 
pearing under the authority of a ‘National Advisory Council on Radio in Educa- 
tion” is in a different category. 

That no ultimately accurate résumé of modern psychology is possible does not 
excuse erroneous statements. An essay depicting ‘Psychology Today" must be at 
least up-to-date if for no other than ethical reasons. “Ethical,” namely, because | 
of the public for whom it is intended and because the name ‘N ational . . . ete.” 
predisposes a relatively uncritical, relatively untrained public to accept the essay 


- as gospel. The man into whose hands this booklet is placed is presumably unin- 


formed regarding psychology today. This man cannot evaluate the introductory 
essay in terms of psychology today, else the entire plan, which the writer heartily - 
endorses, would be idle. He cannot be uninfluenced by the words "National" and 


366 , > NOTES AND DISCUSSIONS 
“Education” in the Council's title. The question is really quite simple. How 
accurate must the introductory essay be if it is to play fair in this instance? 

` A few details. On p. 8 is the drawing o£ a cat in a puzzle box; we are told, on 
p- 9, that “the decrease in the time necessary in successive trials is a measure of the 
cat’s: ability to learn;" and, (regarding the learning curves on p. 10) that “im- 
provement nearly. always results from a gradual dropping away of false and-useless 
movements, and from an equally gradual ‘stamping in’ of the right movements. 
Animal psychologists have found liile evidence’ that animals in such situations 
'reascn' or ‘think out’ the correct solutions.”! If the lay reader were familiar 
with Adams’ work he would not be so dependent upon the statements of this 
essay.? It.is because he is probably not that the writer feels a case of this sort-at 
variance with fair play, a violation of trust and hence, in the long run, inimical to 
the science of psychology. Thereáder may not have consulted Adema’ monograph 
but the author should have. 

It does not suffice that the expressions "nearly always” or “little evidence" 
should be used. These quantitative terms are at best comprehensible only to those 
for whom the essay was not intended; at worst they are false for they suggest 
practical certainty ("nearly always"), which is not true, and practical insignifi- 
cance (‘little evidence"), which is incorrect. To assert that ‘animal psychologists 
have found little evidence" means tn this case “no animal psychologist has found 
any eppreciable evidence.” Verbal niceties comprehensible to professional psy- 
chologists are wasted on the layman for he reads, ‘“Psychology saya animals do not : 
reason." The statement is in consequence false despite its restrictive adjectives 
as printed. 

Again, and this time without reserve, the eather asserts (p. 13) that ''ob- 
servant or attentive application . . . [is] peculiarly a human accomplishment.” 
Were the author unfamiliar with the literature of animal psychology this statement 
, of a prevalent, if ill founded, popular belisf might be excused. But the assumption 
seems not unwarranted that one writing of “Psychology Today” would have in- 
formed himself on these matters. It follows that the author either was not ac-’ 
quainted with the literature or that he has bid for popular applause by affirming 
prejudices of the untrained. 

_ The case of animal psychology is typical and has been - emphasized here as 
illustrating the point at issue. Fig. I, p. 7 indicates the usual conditioned response 
chart. That some learning occurs in this way no responsible psychologists deny. 
In a technical journal it is enough that one say, “The way in which fears . . . are 
often learned is illustrated in Figure L"* For thts pamphlet the statement is mis- 
leading. The untrained reader sees a picture; he reads, “This is the way fears are 
learned." It is in the nature of things that the author’s having qualified with 
“often” will probably pass unnoticed. In the competition: Figure I with ite 
heavy lines and air of assured finality on ths one side, the restrictive “often’’ on the 
other, the black arrows have every advantage. Hence whether he has printed it or 
not the author has in effect said to his reader, “This is the way oné learns." 
(Compare also p. 16.) 


1The italics are mine. Discussion of these expressions follows in the text. 

*Donald K. Adamis, ental studies o ARDRE behavior in cats, Comp. 
Psychol. Monog., eis 1929, (no. 27), 1-89. 

*Ttalics mine. 
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We turn to the subject of emotions. If this field were as neatly organized as 
the discussion suggests, why have psychologists done so little toward a genuine 
ordering of our lives? Doctors, surgeons and others are integral to civilized life, 
why, not psychologists? The answer is that when surgeons knew no more of 
human bodies than psychologists of human minds they were not yet more useful 
than are psychologists today. The study of surgery antedating its present skill is a 
matter of centuries. A medieval practitioner professing today’s knowledge of 
anatomy would have been, to say the least, somewhat previous in his claims. 
Psychology does not perform in present society as does the physician because the 
science itself is not yet adequately developed. It is no disgrace, however; to be 
young. No one requires of a science that it reach maturity over night. To allege 
manhood when every act and feature betrays the youth is ridiculous. Psychologists 
are consiructing a science: this is the essence of psychology today. Rash and pre- 
mature claims do not lighten their task. 

“We read, p. 20, that “the management and control of one's emotional life is s0 
comprehensive a topic that only a few hints can' be given here as to how it can be 
done." There can be no other interpretation here that “it can be done = it is 
being done = psychology knows how to manage and control.” That is what the 
sentence says to any but those intimately familiar with the details and fully aware 
- that the illustrations of pp. 16-20 are at best merely indications of the direction in 
which certain psychologists are working. 

As regards intelligence the same considerations apply. That much has been 
, done in this field no one denies; that a tone of finality is not justified, perusal of 
. controversial issues will quickly disclose. But those for whom the essay is intended 
are not at the time they read it in a position to undertake this perusal. There is no 
other conclusion than that the essay is unfair both to the reader and to psychology.* 


Frankfurt am Main, Germany WILLIs D. Exus 


Con CEENING THE ÅBBOLUTE METHOD IN PSYCHOPHYSICS 

The present experiment is an attempt to determine the validity of a sugges- 
tion recently made by Fernberger.1 When comparing the size of the intervals 
of uncertainty in s lifted-weight experiment in which a relative series followed an 
absolute series, it seemed that the intervals of uncertainty for the relative series 
were larger than one usually obtains. 

In order to discover if this effect can be obtained with relative constancy and 
` also if an opposite effect could be demonstrated if the relative series preceded the 
absolute series, experimental resulta were obtained from 24 naive Os using the 
same conditions and instructions employed by Fernberger. The Os were divided 
into 2 groups of 12 each. For Group I the absolute series was given first and the 
relative series second—an exact repetition of Fernberger’ 8 experiment—and | for 
Group II the order of presentation was reversed. 

The results for Group I will be found in Table I. In the third column for the 
relative series it will be observed that there are only three values of the interval 
' of uncertainty (I. of U.) smaller than 8 grm. while 6 values (half of the Os in this 

M i e e M — MÀ MM  Ó—  ——  —À— MÀ À— M —  —  — À——— ae 
, *Attention is called to the fact that no reference is made to any other aspect of 
this booklet than the introduction. 


'8. W. Fernberger, On absolute and relative judgments in lifted-weight 
experiments, this JOURNAL, 1931, 43, 560-578. Cf. esp. 573 f. 
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TABLEI 


Snowe RxsuLTS or Giove I 
(Absolute Followed by Relative Series) 





‘Relative Series — - . Absolute Series 
O .m ^h LofU. PSE. . hi hy LofU. P.&E.;. 
I .087, | .082 7.13 97.40 ‘II. .077 9.28 91.49 
2 .066 1061 '9.46 92.99 , .075 .085 4.84 ` 89.06 
3 .077 > .074 7.58 96.42 -O51 .063, 13.13, 92.37 ' 
4 079 .082 9.44 95.15 .066 `.072 ^ 7.46 91.09 
5 120 .I3I 8.32. 94.78 à: .O91 .088 . 3.97 89.27 
(6 080 .088 10.00 ' 96.55 .045 .062 21.65 87.08 
7 .076 H4 9:98 98.49  ' .050  .049 13.28 85.88 
8 070 .086 8.78 95.31 ^. .IOI .162 . 1.28 95.55. 
'9 , -075 .079 . 8.15 93.48. . 04T 052 16.48 93.79 
IO .049  ..I21  II.I5 , 96.79 .077 -TIQ9 9.84 92.28 

. II .068 076 7.11 . 96.47 .069 .228 . 8.66 94.11 
12. .065  -.079 13.23 97.62 .070 | .059 , 6.52 91.56 
Av. :.076 .089 9.19 95.95 ` ` .071 ` .093 -9.70 91.13 


re f i T ; 
' `" group) give values greater than 8 grm., These results seem to confirm the ob- 
servation made by Fernberger that the values of this interval are higher than one 
usually obtains for a relative series when itis preceded by training in an absolute 
series. ` ` E i i 
' A consideration of the results for Group II (Table IT) in which training was 
first given in the relative series strengthens this view. For these Os the average 
interval of uncertainty for the ralative series is actually higher than for Group I: 


t 


"NN F TABLE H 
d " Srowira Rusuris o» Grove II. 
(Relative Foilowed by Absolute Series) l ' 
' Relative Series Absolute Series 
O hi he  LofU. PSE ^ >. h “ha I.of U: P.8.E. 
I .083 ` .068 , 5.82 96.09 , .093 X05 ` 10.50. 94:09 
2 .087 .085 6.86 97.91 .093 -103 10.88 93.37 
3 . .086 .076 11.32 94.26 .079 .100 9.35. 95.47 
4 .074 * .075 3.26 97.45 052 .054 11.62 91.42 
5 .060 . .044 15.60 96.35 .074 .077 14.69 93.11 ' 
6.  .053 ` .058 13.78 97.30 .077 .098 12.50 96.17 
7 .074. .081 ,:. 9.62 97.19 .O7I. .077 16.20 ' 93.38 ` 
8 | .093  .094 ` 2.84 92.51 .087  .104, 8.65 — 93.61 ` 
9 . X15 :105 7.65 — 94.85 092, .083 13.18 87.65 
' IO 059 — .078 9.03 , 95.78 .096 .100° , 3-47 89.71 
IT: .096 .097 8.89 94.67 .092 . X08 7.90 97.25 
I2 , .038  ..023 19.49  IDOI.Ij .109 ' .097 13,06 91.10 | 


Av. .076, .074 9.49 96.28 , -.085 092 11.00 — 93.03 
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This higher average is misleading &nd is due to two extremely large values. But 
5 of the 12 Os give values smaller than 8 grm. and. the values for 4 of these are 
smaller than the smallest value for any O of Group I. 

As a working hypothesis one might believe that this situation is dué to the Os 
giving & relatively large number of ‘intermediate’ Judgments in the absolute series 
and thus developing an attitude which is carried over and results in a relatively 
large number of ‘equal’ judgments in the subsequent relative series. If this be 
true one might expect & smaller number of ‘intermediate’ judgments in an ab- 
solute series if it were preceded by training in & relative series. An examination 
of the next to the last columns in the two tables would indicate that, if anything, 
the opposite relation is true; namely, the values of the intervals of uncertainty 
tend to be smaller in the absolute series if there is no previous training in a rela- 
_ tive series. It would seem then that the larger valves for the subsequent relative 
series obtained by Fernberger, as well as in the present experiment, might be ac- 
counted for in terms of the difficulty of making the adjustment Hone one series 
to the other. 

It has seemed worth while to give all of the significant: ‘values for all Os in both 
series inasmuch as experience with the absolute series is as yet so limited. We mey 
report that none of the 24 Os had any difficulty in formulating judgments i in the 
absolute series. The ‘statistical resulte confirm Fernberger’s former study in 
several respects: (1) the values of the indexes of precision are of similar magnitude 
for the absolute and relative series; (2) the intervals of uncertainty tend to be 
larger for the absolute series; and (3) the point of subjective equality for the 
absolute series is lower than the central stimulus value, of a magnitude very 
similar to the effect of the error in the relative series. | 

University of Pennsylvania EnrABzTH DaAviEs 

, W. W. MangTIN BABB 


$ 


Tem Genetic Pracy or Heponro Turmes 

An interest in the genetic primacy of the different hedonic terms led the writer 
to make a study of the vocabularies of children. All the references which could be - 
found to recorded vocabularies were consulted, in so far as they were available 
at the Harvard University libraries, and in all 61 vocabularies were tabulated. 
The group represented a wide range with respect to the intelligence and social 
position of the children. The particular words looked for in each of the vocabu- 
laries were good, bad, like, love, pleasant, and unpleazant. 

Of the individual vocabularies there were only nine whose EM were given 
chronologically for a number of years, Their records are given in the accompany- 
ing table which shows the age in years at which the words first appeared. 

An analysis of this table shows such little variation between children that we 
feel justified in making the following generalization. Of the six words studied, 
1 as = 
TIO CA EI II 

e, 


Sie 21, 95-124; ed. Sem 1902, 422-435; ydy W. 
ck ens! Child a T e 2, 1898, 203-205; N M. Nice, “Ped. EM., 22 uot 


ST 5 ibid, 24, 1917, um Proc. Okla. Acad. Si. 4, 1924, 147-168; ibid., 6 
1926, 317-333; P. elsma, Ped. jg 17, 9 328-369. 
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. good usually appears first, followed by bac ard like, then Te and finally pleasant 
and unpleasant. While the material is not eomplete for the rest of the 61 vocab- 
ularies, examination of the data as a whole confirms such a generalization. In ` 
the supplementary data there were five mcre vocabularies in which the words | 
pleasant or unpleasant, appeared (in three ceses at the age of 3 and one each at 
4 and 6), but, by the only objective standard we have, that of extent of vocab- 
ulary, all the subjects using plesaant or unpleasant were precocious children. 
Particularly. interesting is the fact that in none of the vocabularies up to the age ` 
of 6 years did the words ‘pleasantness’ and fe alin appear. 


Cases. 
A B C D E F G H- I 
Good I = á 2 2 2 — | 3 T 
Bad 3 2 2 3 3 2 2 2 — 
Like 2 3 2 3 2 — .2 3 2 
Love 03 4 3. 4 2 2 3 3 2 
Pap 3:5 92 a e us 
Unpleasant — = — 5 — DET oaet e i 


Since we seem to have discovered geneze differences i in primacy pt the com- 
mon words used to cover the hedonic reaction, the question arises of their possible 
differences in meaning. An experimental -nvestigation of the reasons for the 
differences in connotation of these words shou.d prove stimulating for ihe field 
of affectivity. 


Henover, N. H. | EpNA B. Hunt. 


A RzEJOINDER 


In g recent number of this JouzNAL, Drs. Ferree and Rand dicus the diffi- | 
culties they have met in my work on achroretic sensitivity? Their difficulties are 
of their own making, and are due to an unnecessary insistence on geometrical 
optics. There is reason for believing that when all the dioptrical influences they . 

“suggest have been evaluated (as I have done) the anomalies will remain. My 
purpose was to show that distance, qua d-ttance, was a factor, and that values 
determined for one distance were not applicable to another. This I have termed ` 
an anomaly from the point of view of geometrical optics. . 

One cause of confusion is their failure tc vestrict the term stimulus-distance io 

, my meaning. In the first two pages of their criticiam they argue that, as distance ' 

has remained constant in their work, its efect has keen properly weighted. But 
this is weighting it only in the obvious and common sense of geometrical optics. : 

It is rot at all what I mean by the term, because in their view distance is treated 
only in go far as it affects size and intensity of retinal image. Later on however, 
they apparently meet me on common ground in the use of the term, taking distance 

- as e variable which may influence sensitivity despite geometrical compensations, 

1C. E. Ferree and G. Rand, Distance of projectian of the visual image in rela- 

tion to its apparent intensity, op. cit., 43, 1331, 678-684. 


Ellis Freeman, The achromatic sBensiivity of the dark-adapted retina in 
relsuon to rimus ees) this JOURNAL, 43. 1931, 246-253. 
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They imply that the anomaly is an artifact of uncontrolled dioptrical conditions 
(accommodation, pupil, etc.) which may account for inconsistencies. I cannot 
agree to this. It has seemed to me a matter of elementary precaution to anticipate 
these possibilities. Indeed I have elaborated this matter in tedious detail in 
earlier papers. Earlier work shows the futility of dioptrical factors as an ex- 
planation of the anomaly, for as soon as one set of conditions is explained by this 
means, & contradiction arises from another set to which the identical explanation 
should apply. In one case a wide pupil and thin lens give lower acuity, a narrow 
pupil and thick lens higher (Aubert-Foerster phenomenon); and in another ease 
the acuities for the same conditions are reversed.* 

The published data of the work on achromatic sensitivity give internal 
evidence that pupillary variations cannot account for the anomaly, and that, 
` therefore, an artificial control of the flux is unnecessary. Fig. 2 in my most recent 
paper’ shows a drop at the fovea and a rise in the periphery with increased 
stimulus-distance. If the pupil wereresponsible, we should be obliged to attribute 
& drop and arise in sensitivity to the same cause. Obviously this is contradictory. 
Drs. Ferree and Rand would have encountered no difficulty in eliminating the 
pupil as a factor had they not “purposely confined (their) comments . . . to 
central vision." 

It ia difficult to agree that “no special precautions have been in to contzol 
fixation” at the center of the field. On the contrary, ample precautions were 
taken that do not suffer by comparison with the most careful usually employed. 
Weeks of preliminary training was given, and the subject understood the im- 
portance of reporting wavering. Still more important, fixation was physically 
easy, because each observation began with à stimulus considerably larger than 
threshold. 

The tangent effect also is of no significance here. First it leads to the incon- 
sistencies already described for dioptrical explanations in general. But there are 
two particular reasons why it is irrelevant. First, as determinations were made to 
only 20? of eccentricity, the effect would be but slight at best, and too small to 
account for the massive differences in sensitivity; and, secondly, if it did introduce 
& difference, the curves of Fig. 2 (mentioned above) ought to be horizontal, lying 
at different levels perhaps for each angle, but certainly not diagonal. Once a 
difference appeared, it should, since it is a function of angle alone, remain constant 
for all stimulus-distances along the same angle. Instead, as distance increases 
along any selected angle of eccentricity, sensitivity increases. 

I must demur against their statement that my work gives acuity and not 
sensitivity. Logically their notion would prohibit the term sensitivity whenever 
stimulus-size wes varied, and acuity whenever intensity was varied. Perhaps, if 
one wished, he could formulate sensitivity data in terms of acuity, even in a 
maximally simple situation as mine—a faintly illuminated disk in a dark room. 
But this would be inconsistent with what is understood by acuity, which implies 


‘Freeman, Anomalies of peripheral visual acuity, J. Esper. Psychol, 12, 
1929, 324-340; Anomalies of visual acuity in relation to intensity of illumination, 
this JOURNAL, 42, 1930, 287-294. 

‘Freeman, Untersuchungen über das indirekie Sehen, Psychol. Forach., 
I4, 1931, 332-365. 

‘Op. cit., this JOURNAL, 43, 1931, 250. 
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the resolution of a detailed complex such as a letter. Im my case there is only the 
differentiation of an illuminated mass from an unilluminated ground. If that . 
were resolution, then any work on sensitivity would have to be ealled acuity, and 
it would make no difference if the units were ergs (Drs. Fernee and Rand) or mm. 
(mine). Perbaps what they mean to objao; to is the expression of sensitivity in 
spatial rather than energy terms. `I sea no cbjection to such an innovation,. 
particularly when the uncertainty of energy measurements may be thus avoided. 

I am in hearty accord with the suggestion that further work is necessary. 
That is why I have attempted no explanation af the phenomenon, and far from 
suggesting finality, I have deliberately chosen the term.anomaly to emphasize 
ite indeterminate status. While they expressly disclaim the intention to explain 
the anomaly, it seems that they have hazarded an explanation, though unsatis- 
factory, in emphasizing the dioptrical factors which they think I have overlooked. 


University of Louisville ELLIS FREEMAN 


PSYCHOLOGICAL LABORATORIES IN CHINA 


Alihough two short notes concerning psychology in China have been pub- 
lished in this Journal,! no report has been made of the establishment and devel- 
opment of the psychological laboratories in China. Psychology, as a separate 
department of instruction in the universities of China, is not more than ten or 
fifteen years old; psychology, as science, is much ycunger; and psychology, as a 
laboratory science, is even more recent. 

Laboratory courses in psychology were first introduced in China at South- 
eastern University in Nanking (now the National Central University), at the 
National Peking University in Peking (now Peiping), and at Fuh-Tan University 
in Shanghai. Fuh-Tan University seems to have bean the first to have provided 
the Depsrtment of Psychology with a separate building for ita offices and lab- 
oratories,! but this building is, as I am informed, no longer used exclusively by 
psychology. , 

Laboratories have recently been established at the Institute of Psychology - 
of Sun Yat-Sen University in Canton,’ at Yenohing University and at the Na- 
tional Tsing Hua University in Peiping. Tne Academia Sinica (National Central 
Academy) of Nanking, which recently added Psychology to ita field of activity, 
acquired a group of buildings in Peiping, October, 1930, that were completely 
remodelled to meet the needs of a modern psychological laboratory,‘ and active - 
researches are now being conducted in the animal and neurological fields. 

Tke Tsing Hua Laboratory. Although a Department of Education and 
Psychology had been in existence for some years at the National Tsing Hua 
University, Psychology did not achieve the distinction of an independent depart- 
ment until the autumn of 1928, when the joint department was divided and 
-Psychology was given 5 rooms for its affipes and laboratories. This was only 


18. K. Chou, Trends in Chinese proud interest since 1922, op. cit., 38, 
. 1927, 487-488; The present status of psychology in China, loc. cit., 664-666. 

Cf. Notes and news, Psychol. Bull., 22, 1925, 140. 

*Op. cit., 24, 1937, 380. ` 
.  *The National Research Institute of e Animi Sinica and Its 
National Research Institutes, 1931, 83-87. ( of the Academia Sinica 
is 14 Ch’eng-Haien St., Nanking.) 
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the beginning and entering wedge, for in February of 1931 the Department was 
moved to new quarters on the first floor of the newly constructed Biological 
Building which was partly endowed by the Rockefeller Foundation. Great 
credit is due to Professors Yueh Tang, K."8. Sun, and Ling Yeh for their efforts 
in behalf of the department. As the history of the development of the psycho- 
logical laboratories the world over shows, psychology has had great difficulty 
in acquiring adequate space. It has very frequently had to be content with attic 
or basement rooms. Indeed, the Tsing Hua laboratory is located in the base- 
ment. It is, however, splendidly arranged and equipped and very few American 
and i. laboratories are the equal of.it. We feel proud of our laboratory 
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and justified in claiming that it is the first one especially built for psychology in 
China, as well as being at the present time the most spacious one in China. 

The plan of the first floor of the Tsing Hua Biological Building is shown in 
Fig. 1. A wide corridor extends throughout the length of the building and the 
large lecture room (used by all the departments in the University), office, re- 
search, laboratory, and seminary rooms, etc., open off of it. Two stairways at 
the gides of the large lecture room lead up to the second floor of the building. 
The front entrance of the building is on the north and it opens directly upon the 
second floor. Four other entrances, one at each side, and two in the rear, open 
upon the first floor. 

. Altogether 25 rooms are devoted exclusively to the use of Psychology—about 
half of the available floor space if the corridor, the large lecture hall (Room 
136), the servant (115), boiler (117), and toilet (118) rooms are omitted. Hight 
` rooms (IOI, 103, 104, 106, 107, 109, 110, and 113) are for. offices or individual 
research; 5 are for the general laboratory (120-124); 2 for lectures (128, 130); 
2 for dark rooms (116, 134); and 1 each for the seminary (119), animal laboratory 
(125), animal quarters (126), storeroom (127), apparatus (138), soundproof 
(141), library (142), and work.shop (143). All the.offices, research rooms, lab- 
oratories and the workshop have gas, a sink with running cold water, and D.C. 
electricity. The soundproof room, although not entirely successful in its con- 
struction, is perhaps the first attempted in China. The animal quarters is 
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heated by a separate heating system in order that the temperature of the room 
may ba kept constant during the cold winter nights. 

Ths apparatus in the Tsing Hua laboratory invoices at about 30,000 silver 
dollars, most: of which has been purchased within the last few years. Some of 
ls more expensive pieces were obteired from Stoelting and Zimmermann.. 

The library contains about 500 volumes and the current and back numbers 
of 30 magazines, óf which 7 are complete. 

` Tsing Hua University, Smwasn K.. Cuou 
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THE TWENTY- SEVENTH ANNUAL MEBTING OP THE SOUTHERN SOOTY ror 
PHILOSOPHY AND PSYCHOLOGY 


Tha Southern Society for Philosophy and Psychology held its twenty-seventh 
annual meeting jointly with Section I (Psychology) of the American Association 
for the Advancement of Science on Tuesday, Wednesday, and Thursday, Decem- 
ber 29, 30, 31; 1931, at New Orleans, La. ‘There were five seasions, all held in the 
auditorium of Hotel Monteleone, the headquarters of the Society, at which | thirty- 
five papers were read. 

Tha Tuesday morning session was devoted largely to learning and forgetting: 
Rex L. Hoke (Morhead State Teachers College) cpened the program with a report 
on an experimental study of the effects of various zactors on the accuracy of tossing 
steel balls 1-in. in diam. at a target 18 ft. away. The factors were (1) an electric 
shock automatically applied to Ss left hand when an error of a given distance was 

' made, (2) information to S of his exact results after each trial, (3) direction of S’s 
attention to any phase of his results or prozedure, (4) modifications of intervals 
-between trials, and (5) simple instructions as to how the act should be performed. 
There were 1I Ss, each having 60 trials. Punishment yielded fewest large errors, , 
wherees knowledge of results effected the greatest number of bull’s eye hits. 
Intervals of 6 sec. between trials were mare effective than 2- or 4-seo. intervals. | 
Direction of attention to the painful consequences of errors increased efficiency as 
did also putting emphasis on success. Certain aspects of the results indicate the 
need of using many subjecta of different aze, sex, etc. in further experimentation. 

Richard W. Husband (University of Wisconsin) reported a study of sex differ- 
ences between & group of 40 college and 20 high school women, on the one hand, 
and 30 college and 17 high school men, on the other, all of whom were tested on the ' 
following five parts of R. H. Seashore’s mctor skill battery: Serial Discrimeter, 
Pursuit Rotor, Spool Packing, Crank Drill, and Tapping. There seemed to. be 
slight and uncertain sex differences, except in one of the last two (simple) tests. , 
Comparisons of this sort certainly neel very careful control of such attitudes or 
sets as are affected by different social factors. 

Goodrich C. White (Emory University) found im sudes on məmorizing that 

_ the Ss with poorest initial ability improved most with practice, though there was 

' generally a alight decrease in efficiency :n cortinued practice, a slight advantage in 

retention of content near the end of she period of continuous memorizing (at- 

tributed by the author to ‘retroactive inhibition"), and great similarity of learning 

' curves under varying conditions. A striking feeture in the curves seemed to in- 

dicate a ‘final spurt.’ This most certainly indicates, however, some sort of un- 
evenness in stimulating conditions. 
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O. A. Simley (University of Arizona), assuming that the strength of association 
bonds between a series of geometrical characters and their respective nonsense 
syllables is measurable in terms of the speed with which they function, reported 
a study of relations of sub- to supraliminallearning. He had his Ss associate 260 
meaningless geometrical figures with nonsense syllables in pairs of 9 in each of 40 
series. Serial orders were varied to compel only cross (figure-gyllable) associations 
and supraliminal associations were measured by the reaction time between the 
appearance of the figure in Hull’s exposure apparatus and S’s verbal response, 
while subliminal learning was “measured by the number of promptings required to 
establish the bonds." Learning was (as may be expected in the case of such ma- 
. terials and method) more rapid in the initial stages of the process, and there was a 
positive correlation, apparently high, between sub- and supraliminal learning bcth 
as to quickness of response and as to the slope of the rising curves below and above 
the threshold. It was hardly obvious from the report that the two different sorts of 
learning situations were near enough identical or controlled for direct comparison 
of results. 

Fred McKinney (University of Missouri) had had 93 dalles stüdenta learn 
twelve lines of one poem and 95 learn an equal amount of a similar poem, five 
minutes being devoted to learning and five to recall. These students were then 
divided into three groups of about 60 in each; one group learned a second equal 
amount of poetry, another a list of nonsense syllables, and the third group listened 
to a Seashore discrimination record. All the students finally recalled what they 
could of the original twelve lines of poetry. This final retention test was repeated 
again a week later. No interference (“retroactive inhibition") appeared in the 
final recall, but only in that a week later. The conclusion that “poetry is not 
susceptible to retroactive inhibition upon immediate recall” is certainly subject to 
several conditions which need careful study before such theoretical implications as 
were inferred in the paper can be parey: indicated for a “theory B retroactive 
inhibition” in general. 

John A. MeGeoch (University of Missouri), i in & i diseases of th concept of 
forgetting, pointed out the need of some systematic attempt to determine the 
boundaries of "forgetting," which is only the partial obverse of retention. From 
examinations of phenomena usually classified as forgetting he found only one that 
stands out as characteristic of all cases—‘‘a loss in the functioning of a learned 
activity." He concluded also that there is no logical ground for a sharp distinc- 
tion between this sort of loss or decrement and that resulting from continuous 
work or from other special conditions. 

H. H. Remmers (Purdue University) described experiments which have been 
in progress for four years on students in beginning courses in Spanish, German, and 
French, who were grouped according to ability as measured by freshman entrance 
placement tests and according to certain other factors, and who were graded on 
test questions according to a standard procedure. No results are available to the 
reviewer. _ 

The afternoon session, devoted in the main to sensory and perceptual phenom- 
ena, began with an informal report by P. F. Finner (Florida State College for 
Women) on attempts at measuring the differential intensity limen between the 
several pairs of primary colors and between each color and white. Wave-lengths 
were kept constant by means of color filters and intensities were controlled by the 
photo-electric cell. Forty-six Ss, apparently college students, were used. In- 
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dividual differences i in brightness thresholds were large, ane the correlations be- 
tween thresholds were highest in the cases of colors near together in the spectrum 
(e.g. Rand Y, 0.72; B and G, 0.92) and were low batween thresholds of complemen- ' 
. tary colors (e.g. R and G, 0.06; Y and B, 0.08}. In the discussion it was developed | 
that exposure times were not controlled; each S observed till he saw the difference. 
This time-of-stimulus factor, it was suggested by H. M. Johnson, was not con- 
trolled in Weber's law determinations though the limen is obviously a function 
of the duration of stimulation. Geldard suggested that correlation differences 
noted in the paper were due to absorptions of the posto-elcoude cell which was 
uged practically as a photometer. 

W. F. Smith (University of South Carolina reported an experiment on the 
relative quickness of visual and auditory peresption. Using four different intensities 
of the sound and also of the light stimuli with either simultaneous or slightly diver- 
gent presentations (controlled by means of contact attachments on both ends of 
the ‘hand’ on the face of the Hopkins chronoscope, and two movable contact 
points on the edge of the face), he was able to vary according to predetermined , 
schedules the relative times and the intensities of the two stimuli. One hundred 
forty-four possible intensity and interval combinations were presented individu- 
ally to two groups of college students, 40 in each group. Those of one group were 
to report at every trial which stimulus cam» first; and those of the other group, 
whether there was an interval perceived between the stimuli. No doubtful reports 
were permitted. Results show that by a suitable variation in intensity either the 
visual or the auditory stimulus, when presented at or near simultaneity, can be 
made to appear first in time. The uncertainty range can therefore be affected by 
an increase in the intensity of either the v-sual or the auditory stimulus. The 
possibility of an absolute speed-of-perception measurement of visual and auditory i 
stimuli based on the rheobase in chronaxy is suggested. 

Lyle H. Lanier (Vanderbilt Univers ty) gave a report of progress on ‘his experi- 
ment in cutaneous denervation. The general interrelations of the several “‘modes’”’ 
of sensation, both immediately following denervation and during regeneration of 
the nerves, were emphasized. The areas of anaesthesia to warmth, cold, light 
touch, and pain stimuli at three-week intervals were shown in lantern slides. 
These were all from only one of the three Gs (Mr. Lanier) serving in the expéri- 
ment. Dissociations occurring both immediately after denervation and during 
regeneration indicate the existence of four separate afferent mechanisms cor- 
responding to cold, warm, pain and contact, and support the quantitative theory 
of Nafe; but these four forms of sensiuivity, however, tend to form two general 

groups—a thermal and a contact-pain group. The virtual coincidence, in general, 
' of anaesthesia areas for contact and pain and for cold and warm (a much larger but 
closely corresponding area), suggests interesting neurological problems. Head’s 
theory finds little support in these results. The ‘intermediate’ zons does not uni- 
formly show the protopathic complex of attributes; the differential order of re- 
turn, required by his theory, is not found; and “the protopathic aspects of sensa- 
tion—hypersensitivity and ‘reference’—occur on skin responding to light touch, 
showing apparently no ‘inhibition’ of the former by the latter.” 

Max F. Meyer (University of Missouri) called. attention to a recent ‘refutation’ 
by Galperin of the old theory tha: the Poggandcrff illusion is due to the overesti- 
mation of small and the underestimation of large angles. Not denying the effect 
of such wrong estimations of angles, Meyer pointed out that ten years ago ( Pay- 
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chology of the Other-One, 1922, 231-238) he presented a refutation based on a 
simpler.and a more convincing principle. It will be noted, however, that Meyer's 
explanation is based on double and triple oblique lines (p. 233) and that a single 
oblique line interrupted by a vertical plane figure, say, shows the phenomenon as 
effectively as two or three such lines, even though Meyer’s explanation does not, it 
would appear, apply to such a case. The problem treated theoretically, as to the 
relative effects of different factors (whether innate or acquired) seems to be one 
that can be solved experimentally by testing different hypotheses on the basis of 
the judgments, under controlled conditions, of a large number of unsophisticated 
` Ss at different ages: 
: C. C. Ross (University of Kentucky) reported some anii preliminary 
experiments on the reliability of students’ ratings of different subject matter ac- 
‘cording to specified characteristics. For example, the ratings of instructcrs, 
“according to a certain rating scale," by approximately 200 students ranging from 
freahmen to and including seniors, and a re-rating “without warning a week 
later" varied from slightly negative correlations to 1.00, “the central tən- 
dency usually being in the 0.60's and 0.70’s.” He concluded “that many of the 
current studies employing student ratings are to be taken with the traditional 
‘grain of salt'." That is, of course, not a new discovery; moreover, Mr. Ross had 
,Beemingly overlooked the precautions against memory and other effects of earlier 
ratings, as well as the fact that both of the ratings of instructors may be influenced 
in the same way by rather well known ‘reputations’ current about the campus. 
G. C. Brandenberg (Purdue University) reported results of two investigations, 
two years apart, into the conditions “which mighi be classed as‘obstacles to zhe 
best quality of mstructional work in the class room.” He was chairman of a cam- 
" mittee organized to discover and remove such obstacles. A questionary was sent 
to the instructional staff at the time of each investigation. The five most serious 
obstacles were (1) the large amount of time required for reading students’ papers; 
(2) bad light, heat, ventilation, etc; (3) indifferent attitude of students (evidently 
only a result of other conditions); (4) heavy teaching loads; and (5) unsatisfactory 
office conditions. A close agreement was found among all the ranks of the in- 
structional staff but departmental heads and assistants, indicating, probably, that 
“the individual who has the most to do with teaching conditions—does not see 
teaching problems in the same way as do teaching members of the staff." Con- 
siderable improvement in these conditions was found in the &econd investigation. 
Joseph Peterson (George Peabody College) reported data showing a serious 
deficiency throughout the United States in the training of psychology teachers in 
state teachers colleges and normal schools, as compared with state colleges for 
women, standard colleges and universities, and the better privately endowed in- 
stitutions. From the two reports on the qualifications of institutions and teachers 
of Psychology in the South, issued in May, 1928 and 1931 by the Committee on 
' the Teaching of Psychology (of which he was chairman during ite first five years of 
work), it was shown that the increase in properly qualified teachers—those holding 
Ph.D. degrees with major work in psychology—durimg the three-year period 
indicated was 54%. In the corresponding period the increase in members and 
associates of the American Psychological Association was 37% in the other 32 
states, and 40°% in the entire United States. This rapid improvement in the 
South he implied was an indication of the effectiveness of the Society’s work 
through its committee. The number of qualified-psychology teachers per million 
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population in the year 1930-1931 in ond state was found to be as follows: Ala- 
‘bama 3.4 Atkansas 1.1, District of Columbia 14.3, Florida 4.1, Georgia 2.8, 
Kentucky 4.2, Louisiana 2.4, Maryland 12.2, Mississippi 1.0, Missouri 4.1, North 
Carolina 4.1, Oklahoma 2.5, South Carolina 1.7, Tennessee 5.9, Texas 2.1, 
Virginia 5.4, and West Virginia 4.7; all combined, 6.1. There were at the-same 
time 9.5 members and associates of the American Psychological Association living 
in the other 32 states and 9.1 in the entire United States per million population. 
Since g considerable number of the associates have not yet earned their Ph:D. 
degrees in psychology, the difference between the South and the othef sections 
in number of psychologists per million populstion is not as great as these numbers 


suggest, and the comparative gain in the number of psychologists is even os in .- 


the South in the triennium indicated than the percentages show. 
The Wednesday morning papers were largely theoretical and Shilosophioal,’ 
- A. 8. Edwards (University of Georgia) began the program with & discussion of - 


“The Concept of Normality.” He conteaded that psychological problems are 


"similar to those i in the other sciences, and, as in thoge sciences, need to be based 

"upon averages.” He also raised problems, confronting one in the handling of 

groups, as to the size “of the normal grocp, the amount of deviation from the 
~ average that can be admitted to the normal group, ete" There seems to be 
: nothing.new in the paper. 

'  . In the absence of Knight Dunlap (Johns Hopkins University), his paper on 

emotions as teleological constructs, was read by. Buford Johnson. Dunlap points 


out that while the ‘emotions’ were definitely and justifiably aligned with the ' 


‘instincts’ by William James, the text book& continue to treat the ‘emotions’ in the 
old fashion even though they have abandoned ‘instincts,’ and that the behaviorist 
“bases his theory of emotional development on discrete primary ‘emotions’.” 
He contends that emotions are clearly ariiacts "determined by reference to the 
situation in which the reactor is placed, and by the interests and purposes of the 
classifier.” “Any of the conventional names may apply to widely different 


. affective conditions, according to the interest of the namer; and the same affective - 
' state may have diverse names according to this interest.” Reports by individuals, 


that they feel depressed, elated, etc., are only the application of previous ideas to 
their experiences. The errors resulting from a rough application of such views are - 
obviously obstructive to research on the emotions. One finds similar difficulties, ' 
of course, in any sort of classification or description, or procedure by verbal ` 
rhethods or symbols. 


~ 


. “Herbert C. Sanborn (Vanderbilt University) traced briefly the ketoral PS 


veem | in aesthetics, and pointed oct that there bas been a persistent at- . 


tempt vo build an objective science of art. However, this science, according to, 


certain writers, is to-exclude everything psychological, their reason being chiefly 


that psychological aesthetics fails to do justice to the field of art. Sanborn held - 


that disputes of this sort are ultimately mataphysical in nature, and that while 
investigations should doubtless be carried on by every method available, the ques~ 
tion "whether there is- any one method which embodies all the others" should be 


left to metaphysical revision. Specific interpretations of aesthetic experience are ` 


valid in so far as they are in harmony with tas systems of which they are specifics- 
tions, while the validity of these in turn would reside in their inclusiveness and 
coherence, that is, the degree to which they realize absolute system. . Concrete 
illustrations were given. There is certainly ground here for inquiry into what ab- 
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solute aesthetic systems would mean and how they could be arrived at if not 
through the experiences of individuals. i 

Harold N. Lee (Newcomb College, Tulane University), discussing metaphysics 
and sestheties, contended that the usual procedure of approaching aesthetics from 
the viewpoint of the metaphysical doctrine, is exactly the reverse of what an ap- 
plication of the scientific method would indicate. Aesthetics, which deals with one 
of our fields of experience, "must enunciate ita principles independently of ary 
formulated metaphysical doctrine." From the metaphysical point of view, he 
said, any set of aesthetic principles would be subject to the interpretation indi- 
cated by the metaphysical theory of the interpreter. In the discussion E. S. 
Edwards objected that psychology did or should start with particular experiences, 
and Sanborn held that science is today beginning from the most sweeping cate- 
gories. He referred to the work of Percy W. Bridges as an example. Lee replied 
that the scientific method does not deny analyses and that he said nothing to 
identify science with induction, except the natural sciences. 

Morten ten Hoor (Tulane University), in an examination of introspection, 
said that “in all philosophical disciplines generally, the concept of introspection 
has always been accepted as an ultimate.” Introspection, however, seems to 
. have had but little analysis by the great philosophers and psychologists of history. 
The traditional double-self notion is untenable because it implies a dichotomy of 
experience, something more than immediate experience. The notion of conscious- 
ness per se turns out on analysis to be an abstraction, a realistic (medieval) 
universal. But there are only types of awareness distinguished by types of sensa- 
tion localised within the body, on its surface, or without it (as the redness in a 
rose). Usually this awareness has, been assumed to be within the body (hence 
introspection), but it'is where it is experienced. Any awareness content can, only 
within certain limits, be verbally reported. What realities.underly awareness is a 
question of inference from immediate experience. Certainly no metaphysical eye 
or self is given in immediate experience; hence the error of claims making introspec- 
tion the'source of knowledge of the self or of experience. As a criticism of radical 
behaviorism, it was suggested that “behavior can enter experience only as sensory 
awareness;" that pure behavior or behavior as such is as much a metaphysical as- 
sumption as the ego or self.” A layman in philosophy might suggest the need of 
inquiry into the concept of “experience.” Is experience identical with reality, cr 
what is the relationship here, and what the evidences? Furthermore, are 'feelings' 
located? 

W. H. Walker (Berea College) pointed out that the concept of causality had 
arisen rather by implication than by any direct observation. ‘The patent fact is 
that we do think of the causal relation as a necessary one when we apply it in the 
physical world.” But this assumption is justified in the large only in a general 
way. .‘‘We never have observed the same conditions producing the same identicel 
resulte." (How could this be possible, considering temporal aspects?) He re- 
garded it as improbable, "that the present repudiation of uniformity in the action 
‘of electrons and quanta will be permanently accepted. We cannot think of nature 
in terms of caprice.” As “thisis a matter of the constitution of our thought, called 
into play first by the suggestions of experience,” so is also.our thinking of ourselves 
, a8 “creative causes, at least in some of our decisions. This concept of creative 
personality has precisely the same ground and the same validity as the concept af 
mechanical causation.” This is a rather unique logical jump! to make on such 
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grounds! Why did man leave his primitive thought of nature as animistic, and, in 
modern times, when better means of observing (under experimentally controlled 
conditions) are possible, find the sera causa view untenable even as applied to 

Charles A. 8. Dwight (Keuka College), closing the program with a paper on 
‘The Shadowland of Science,” indicated changes that have occurred under the 
developments of modern physics: the crude lump-matter theory of the 19th 
centu-y has gone and the “oppression” of the old coarse materialism has been 
relieved; physicists now tend toward becoming quasi-metaphysical, and mechan- 
ism [the béile noire of the theologian] is wanting as an ultimate explanation; and . 
“the principle of physical indeterminism breaks into the old ‘closed circuit’ idea of, 
natura with something that looks like a mandate for freedom.” He therefore sees 
new possibilities for consciousness and will “‘as causal factors" and for “faith or 
immortal hopes.” ‘The spiritual view of the world is, if anything, more easy or 
likely than before. Science lingers among the shadows, but faith walks among the 
candiasticks.”” 

Does this premature outburst of hope based on old conceptions of will and 
freedom not seem to reveal a sinister motivetion that is below that of philosophy as 
a search for truth? Is this the way out for those whose conception of freedom has 
failed, or may they also not hope and seek for new conceptions? i 

The afternoon session was largely devoted to child development and measure- 
ments. $S. A. Courtis (University of Michigan) reported that data from 30,000 
school children in America, England, Italy, Scotland, and Switzerland measured 
as to height, weight, broad jump, eruption of teeth, and tested with two intelli- 
gence tests and one educational achievement test, revealed on analysis the 
influence of three sets of specific .factors—starting points, environmental 
influences, and maxima at maturity —and one general factor—rate of growth. 
He found in these conclusions the possibilizy of “a new point of attack upon the 
analysis and interpretation of psychological measurements, and upon the 
predietion of growth." 

John E. Anderson (University of Minnesota) reported result of an analysis of 
data obtained in connection with a survey made by the White House Conference 
on Child Health and Protection, involving a study of the home life of 1626 boys 
and 1552 girls of ages ranging between one and twelve years. Parents’ answers to 
questions concerning the children's favorites in the home and the conditions under 
which jealousy was aroused manifested, wi-h respect to the Freudian assumption 
of tendencies for the boy to be attached to the mother and the girl to the father, no 
outstanding sex differences in emotional attachment at any age level. About half 
of ths boys and girls had no favorites, and the other half showed a somewhat 
greater tendency for both boys and girls to favor the mother. The tendency, to 
have favorites decreased with age. The chief cause for jealousy in both sexes was | 
the showing of affection by the mother for another child. Girls showed more 
jealousy than did boys and there was a reduction in jealous behavior with age. 
. No evidence for the Freudian Oedipus and Electra complexes was found. 

Thomas F. Vance (Iowa State Collega) reported results of observations on 
food selections by nursery school children, made through a period of one year in- 
cluding the summer term. The order of tasting and finishing the four foods in the 
main course was recorded. A high correlation of this order between different 
quarters was found. Meat and eggs ranked higher in general than vegetables, raw ` 
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were preferred to cooked vegetables, and the latter to puree. Food combinations 
were not eaten as readily as single elements served separately. The low ebb in 
appetite occurred in December and January, and in June and July. There was a 
positive relationship between the fraquency of serving the several foods and their 
ranks as to preference. This, of course, it may be pointed out, cannot be taken as 
evidence of causal relations, since those preparing the foods have had experience 

with other children. 

Joseph G. Yoshioka (Anthropoid Experimental Station of Yale University)’ 
reported results of daily measurements of temperature, pulse, and respiration rates 
-of four young and two infant chimpanzees through a period of three months. 
The rank as to variability was fourd to be pulse rate, respiratory rate, tempera- 
ture ; but the ratio of respiration to pulse rate is relatively constant. The P.E. of 
the ratio, however, varied significantly, indicating a higher efficiency of this 
heart-lung codrdination in some individuals than in others. The P.E. of the ratio 
was found to correlate positively with degree of variability in general behavior. 
The constancy of respiratory to pulse rate would doubtless be expected if one 
considers the sort of stimuli that arouse each of these activities. 

Luton Ackerton (Institute of Juvenile Research, Chicago) presented results 
obtained by him and Minna Emch on the computation by five different methods 
(those proposed by 8. L. Pressey, Merrill, G. Thomson, Woodworth, and also a 
subjective rank-order method) of the scatter on the same set of roo Stanford- 
Binet test records. The ranks by subjective estimates were based on the ratings 
by four workers experienced in clinical procedures. Inter-correlations ranged from : 
0.66 to 0.97, and those between different pairs of raters’ rankings, from 0.77 to 0.93 
(means 0.87 and 0.85, respectively). The mean correlation of the equally weighted 
composite, subjective rankings with those by the other methods was 0.79, the- 
lowest coefficient being with the Woodworth-Thomson measures. Since these 
latter were considered the best technique, it is recommended that in clinical prac- 
tice the subjective method should be discarded and a oad made by the 
. Woodworth-Thomson technique. 
^. X. J. Asher (University of Kentucky) reported du of applying the Myers 
Mental Measure to 363 children in 15 rural mountain schools of southeastern 
Kentucky, the National Intelligence Tests to 234 of these children and the 
Stanford-Binet and the Herring-Binet to 56 children. The median IQ were, 
respectively, 68, 72, and 73; and the IQ by the Myers test decreased with age 
from 84 at seven to 61 at fifteen. Since there was no significant difference between 
the verbal and the non-verbal testa and all gave obviously too low. IQ, the con- 
clusion was drawn that the tests were not suitable for children with such inferior 
environment. It should be added that similar results have been found on com- 
parative racial tests; and also that IQ computed from different group tests will 
give very diverse resulta so that this method of computing IQ is not to be recom- 
mended. 

D. A. Worcester (University of Nebraska) gave summaries of three studies of 
long-time practice effects on later intelligence test scores, one study on high 
school and two on college students. In the high school group significant in- 
creases in scores, due to previous practice, were found. The scores increased 
directly with the extent of practice, but with a negative acceleration. In the , 
college group it was found on Alpha that a second administration brought signifi- 
cantly higher scores than the first; and, on the Ohio State University Psychological 
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Test, that experience with any other intelligence test at any time showed a 
net effect. Such effecta of practice are now well-known' to experienced 


in gèl B. Cuff (Eastern Kentucky State Teackers College) reported preliminary 
results of his experimentation with the beet methods of scoring objective tests. 
When answers were written ona separate sheet, conveniently arranged for scoring, 
rather than on the test-aheet in the usual manner, he found it possible with the use 
of stencils to increase considerably the rate and the a2curacy of scoring both true- 
false and multiple-choice test papers. Stencils NONE mimeographed circles 
around correct answers were used. 

The final session, held Thursday morning, was devoted to abnormal behavior 
and emotional maladjustments. Paul C. Young (Louisiana State University) 
reported an experiment on resistance to muscular fatigue in hypnosis. Thirteen 
college students served as hypnotic subjects and six as controls, the former being 

- tested on the hand dynamometer first in the hypnotic and then in the waking state 
under conditions otherwise as uniform as possitle, while the controls were tested 
both times in the waking state. Results seemed to show ''no great increase in the 
ability to withstand fatigue in hypnosis; but all hypnotic subjects claimed to have 

' felt no fatigue in hypnosis or immediately upon coming out of the hypnotic session 
during which they had been fatigued almost to exhaustion.” Individual variations 
were apparently not changed under hypnosis. Some criticisms arose in the dis- 
cussion as to details of the technique which seemed to be inferior to the téchnigue 
found now in laboratory experimenta. 

- Roy M. Dorcus ( Johns Hopkins University) summarised briefly the psycholo- 
gical and neurological implications of “dissocietion,’’ and reported experiments 
compering the galvanic activity of Ss in whom anaesthesia, anacusia, and amnesia 
had been induced hypnotically with the galvanic activity of Ss under normal 
circumstances. The lack of a difference between these two groups was inter- 
preted to indicate that one of the meanings attributed to “dissociation” is a mere 
abstraction since there is no evidence of any breaking up of the neural pathways. 

‘Trigent Burrow (New York City), discussing relations of “normal illusions” 
to ‘illusions of the insane," held that psychiatry gains little from attention 
to the patient’s symptoms—ialse ideas, delusicns and phobias, elations and de- 

. pressions, eíe.—these being “but reflections ci.an impairment that is deeper 

seated within the organism and which is equally characteristic of normal as of 
pathological individuals. This impairment consists in definite physiological ten- 
sions, alterations, and disturbances.” He Leld that “‘experimentation under con- 
. ditions of laboratory control" indicates that the psychopath suffers from a conflict 
between “those feelings and sensations which belong to the organism as a whole 
and those sensations which belong to the segment of the organism located within 
the cerebrum, with its secondary acquired ide&s'and images,” a conflict that is 
social or phyletic in its scope. “Such a condition is perceptible and remediable 
only through recourse to physiological methods of approach and not through a 
program that attempts to exchange idees for ideas and images for images." 
Unfortunately, the short discussion did not make clearer either the specific nature 
of the experiments or of the physiological msthods referred to in the paper. 
John M. Fletcher (Tulane University), in a paper on medical analogies in ab- 
norme] psychology, traced briefly some of tke ea-ly borrowings of psychology from 
, medicine, aid pointed out that “in no system of psychology is there such a de- 
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tailed array of medical analogies as there is in Freudian psychology.” This he 
held to be true of Adler’s doctrine of compensation for inferiority derived fram 
data secured in the practice of pediatrics as well as in Freud's diagnosis and trest- 
ment of hysteria. ‘Psychology therefore owes much to medicine,” he concluded, 
but warned that “analogies do not afford proof," and are useful in cases “only by 
way of suggestion.” The clearing up of some of these fallacies in these analogies 
will probably result in “some of our schools in abnormal psychology” going “‘tne 
way of faculty paychology and associationiam.” It is probably. charitable to class 
the Freudian psychoanalysis as ‘psychology’ even though some of its contributions 
in motivation (not new, however, with psychoanalysis) have been suggestive for 
psychological study. Psychology doubtless does owe much to medicine, but the 
‘therefore’ in the context of the quotation above suggests (probably inadvertently) 
a too narrow source of the contributions of medicine and &n unscientific one, in 
the main. i . 

H. Meltzer (Psychiatric Child Guidance Clinic of St. Louis) reported results of 
an investigation of college students’ adjustments in anger. The anger responses-of 
93 psychology students—58 women and 35 men—about one-half of whom lived in 
‘sororities or fraternities, were studied by a “controlled diary" method. The 
diaries yielded 393 anger responses for analysis. Data include conditions before 
the anger was aroused, conditions and sensed impulses in anger, duration of anger, 
and certain after effects, controls, and social organization of tendencies. Anger 
impulses were found to be closely related to organisation of home, school, and 
community life, and to frustrations of one’s activities; and the study of anger was 
found to be “a problem in social dynamics." The men reported 39% more anger 
experiences than the women. Sixty-four percent of the anger experiences reported 
by women were reactions to persons, nearly three times as many of which were 
defensive as aggressive. Only 36% of the men’s anger reactions were to persons 
and over four times as many of these were defensive as aggressive. The general 
problem is suggestive of careful experiments with better technique. Certainly the 
last items mentioned in the results, for example, need careful study under con- 
ditions that are very well controlled. 

The final paper of the last session was by J. B. Maller (Teachers College, 
Columbia University) on the character and background of the young men who 
were chosen candidates for the Edison scholarships during the years 1929 and 
1930. These 39 high school graduates represent all the states and the District of 
Columbia. They “had been chosen on the basis of rigorous examinations” and 
were supposed to represent one of the highest ranking selections of high school 
graduates in the United States. It was found that the Edison group graduated 
from high school at 15.5 years of age, about 0.5 year younger than the average age 
of high school graduates through the country; their parents were chiefly of the 
professional and commercial group, only 5% being children of farmers or unskilled 
laborers. About 50% of them had scientists in their family, whereas the corre- 
sponding percentage for the other high school graduates is 34. The Edison group 
came from:a higher-than-average social background and their interests are pre- 
dominantly (by selection apparently) in science. They scored “very much higher 
in science and mathematics and somewhat higher on questions of personality" 
than the comparison group.. They also, incidentally, took more time for sleep and 
meals (10.6 hours daily to 9.4) than the other group. Their favorite type of book 
was that which deals with science and invention, while the other group more © 
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generally favored books on fiction. The data available to the reviewer are either 
inadequate or several of these differences may be accounted for on the basis of the 
fact that the Edison group of boys were selected rather rigidly according to a cer- 
tain interest and had an environment which encouraged different lines of activity 
and daily habits. i 
At the joint dinner of Sections I and Q (Education) held in Kolb’s Restaurant 
Tuesday evening, the vice-presidential addresses by E. G. Boring end by Leonard 
V. Koos on “The Physiology of Consciousness" (now published in Science, January 
8, 1932) and “The Procedure of Investigation i in the National Survey of Secondary 
Education,” respectively, were given. The subject of the‘address Ey the president 
of the Southern Society, given Wednesday evening by H. M. Johnson, after the 
banquet at Hotel Bienville, was “Some Follies of Emancipated Psychology." He 
challenged the validity, according to the criteria of the sciences generally, of “a . 
large body” of doctrine in modern psychology, contending that psychology when 
emancipated from philosophy “repudiated the rules of reasoning and standards óf 
proof which are prescribed by Aristotelian logic and which govern modern science 
and common sense practice. For this logic it has'substituted & special logic of its ` 
own in which equivocation is treated as a valid method instead of a fallacy.” Il- 
lustrations with definite citations were given of spurious generalizations, of the 
confusion of assumed data with observational data, of illicit identification of 
“operationally, defined concepts" with formally defined concepts, and of the con- 
fusion of resemblances with identities. It is certainly important that psychologists 
do noi sacrifice accuracy and standard scientific caution, in order to get their 
“contributions” to press either for rewards of advancement in rank or for financial 
returns. There is serious need today'of more careful and frank criticisms and 
evalus.tion of published results of research, as well as of positive depreciation of the 
mere quoting of recognized leaders in the science. It is not the authority quoted 


but the validity of the date themselves that bears weight. It is a question how 


this fact can be made weighty when scientific work is mixed with salesmanship and 


^ often motivated by personal financial gain. 


_At the business meeting of the Southern Society for Philosophy and Psy- 
chology, following Wednesday morning’s program, Anna Forbes Liddell, Florida 
State College for Women, was elected president for the next year and Herbert C. 
Sanborn, Vanderbilt University, and J. F. Dashiell, University of North Carolina, 
were elected members of the Council. The new committees on the Teaching of | 


, Philosophy and the Teaching of Psychology did not make formal reports at this 


meeting and were continued with the following membership: H. C. Sanborn, 
(Chairman), A. G. A. Balz, Josiah Morge; and P. F. Finner (Chairman), R. M. 
Dorcus, T. K. Sisk, respectively. It was voted to accept the invitation of Ameri-’ 
can University and to hold the next meeting in Washington, D. C., on April 14 and. 
I5, 1933. ; 

Peabody College - JoSEPH PETERSON 


Tus FIRST INTERNATIONAL NEUROLOGICAL CONGRESS | 
The First International Neurological Congress took place at Berne, Switzer- 
land, August 31st to September 4th, 1931. There were in attendance 881 mem- 
bers, representing 42 nations, The largest delegation, 161, came from the United 
States, but France, Germany, Switzerland, and Italy each had a representation 


1 
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of about 100. The President of the Congress was-Professor B. Sachs, of New 
York City. Papers were presented in French, Italian, German, and English, 
with no translation. There were'numerous excursions, interesting exhibits, a 
number of moving picture presentations, and the usual conference out-of-saasion. 
chats. The concern of this brief report, however, is to give something of a picture 
of the present activities of neurologista represented by the 2 papers included 
in the book of abstracta. 


A general summary of the central themes in the papers of the conference © 

may be found at the end of this paper. Although the categories are not mutually 
exclusive, and the papers often touched on several themes, each has been tabu- 
lated only once, and in the light of its major objective. The summary will serve 
to indicate, however, the general absorption of neurologists in physiological and 
pathological considerations which is to be expected of a branch of the medical ' 
profession. 


It is interesting to note that our present sndestanding of disorders of the 
brain and nervous system is very largely in the stage of attempts to secure 
accurate descriptions and sound anatomical and histological knowledge. There 
were very few hopeful developments in therapy, but presumably the more careful 
techniques of diagnosis will eventually serve some purpose more constructive 
than simply the improved accuracy of prediction as to the rate at which the 
paralysis will advance, and the length of time before an autopsy can be perfcrmed. 

The contributions of interest to psychologists vary, of ‘course, with ths psy- 
" chologist. Pavlov gave a brief review of the development of ‘neurosis’ in dogs 
by strong excitation, collision of stimulus and inhibition, excessive tension of 
inhibition, and by castration. These were manifested in chranic lowering of 
excitability or of inhibition, and in chaotic activity. Szondi (Budapest) called 
attention to the fact that there are no essential symptoms of neurasthenia. 
Every subjective state mentioned may be matched in some other case by its 
opposite. He believed it possible, however, to distinguish two types, (1) the 
apathetic-asthenic, characterized by a flat blood-sugar curve and a hypo-function 
of the sympathetic system, (2) the excitable-pyknic characterized by a rise in 
the blood sugar curve and involving a hyper-function of the sympathet-c and 
adrenal. 

A number of the papers showed a rather naive faith in localization of psycho- 
logical functions. One, indeed, claimed to have established as long ago as 1909 
that the center of consciousness was located near the third ventricle, and that 
all the neuroses, subconscious activities, hypnotic reactions, clianges of mood, 
forms of dementia praecox, catatonia, sleep disturbances, epilepsy, obsessions, 
compulsions, and character traita must be explained in terms of modifications 
of this center. Of evidence of localization of motor functions there was no lack, 
but the modern point of view in psycho-neurology was approached by Krause 
(Amsterdam) in his report that while catalepsy is destroyed by loss of the motor 
area of the cortex it can be reéstablished after three to five months, the function 
being apparently taken over by other cells. He found that the size of the lesion 
was & very important factor in influencing the extent and permanence of the 

motor changes. The difficulties in interpreting evidence on the relation of struc- 
ture to function were made apparent in many ofthe reports. Thus, two tumors 
may grow in precisely the same area, but if one develops rapidly and the other 
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slowly, the symptoms of the first may be aeute and marked, those of the second 
may never appear. The affect of the cortical disturbance in bringing about 
anemia or engorgement of blood supply st other points brings an enormous 
number of variables into play. The effect upon preesure of the spinal fluid may - 
be felt at points far removed from the original disturbance. Behavior changes 
are influenced, of course, by the personality make-up. Trauma is used as ground 
for a neurosis by some persons, while others react quite differently to much the 
same degree of apparent injury. The break-down in the area of compensation 
may he more serious than the original disturbance which set up the need for: 
compensation. So the variables may be enumerated. It is small wonder that 
one reports a case with symptoms corresponding to tumor of the left frontal 
lobe while autopsy reveals it to the left parietal; another a case with a tumor 
apparently in the base of the brain but acsually with a glioma of the temporal 
lobe; enother a case of apparent frontal tumor but actually with a large hemor- 
rhagic cyst in the left cerebral hemisphere and with internal hydrocephalus; a 
fourth, a case appearing to be a neoplasma of the left cerebellum while autopsy 
revealed glioma of the right frontal lobe.. 

Tests appeared rarely. Weisenburg of Philadelphia reports having found 
that normals-make much the same type o? errors as are made by pathological 
subjects on all the existing tests of aphasia, including Head’s, and so has turned 
to the development of new tests in this area. One neurologist, who may here be 
nameless although the United States must own him, made the only mention of 
intelligence testa, and that in connection with an exceptionally naive report that , 
very dull children learn to talk at a later ago then do normals. Minor (Moscow) ` 
_ reported a very simple and hopeful test of handedness as a result of his observa- - 

tions that the spread of veins on the back of the hand gave an anatomical basis 
for discerning genuine handedness, regardless of training. Oberholzer of Zürich 
. seams to have found the Rohrschach tests of value in distinguishing the organio 
: disturbance due to traums from the secondary psaychoneurotic developments, 
but in common with most of the reports, the data were not given in a form to 
. permit statistical appraisal. The lack of ctatistical concern was perhaps most 
apparent in the paper which discussed sex and race differences on the basis of a 
total of 18 cases. 

Psychotherapy was discussed in only one paper, and that by a Wannes who . 
not unnaturally. emphasized the serious limitations of such techniques. Glandular 
therapy was not often mentioned, and the tenor of the observetions was not 
very hopeful. The obesity, somnolence, and mental retardation commonly 
connected with a hypopituitary condition was attributed in one very thorough . 
review not to the gland but to preesure on the floor of the third ventricle. Another 
paper stated that no preparation of the secretion of the anterior-pituitary acido- - 
philic cells supposedly responsible for structural growth, had been found suitable 
for human use: Another re&mphasized the fact that the function of the pineal 
is unknown and that the precocious puberty sometimes observed in connection 
. with pineal disorders was not affected by administration of the gland and not 

reproducible on animals. Of considerable interest to psychologists was the 
' observation (not the first of the sort, I believe) that tired muscle is restored to 
something like ita’ original efficiency either by sympathetic stimulation or by 
contact with adrenalin. The action of hormones in the blood stream was clearly 
. demonstrated in one paper which secured electrocardiagraph records from the 
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mother and the foetus, connected with the mother only by blood stream and 
‘not by direct nerve communication. When the vagus nerve on the mother 
animal was stimulated the change in mother's heart beat was almost immediate, 
and was followed ten or fifteen seconds later by & parallel change in the foetal 
heart beat. . 

Other phases of blood chemistry appear of considerable interest in disorders 
of personality. Timme finds that deprivation in the utilization of. calcium (not 
necessarily in its availability) is associated with compulsive thoughtless, rapid, 
uncritical, and hence often unsocial behavior. This state is usually accompanied 
by high blood sugar, high blood pressure, and rapid fatigue. Another neurologist 
found a low calcium content of blood and spinal fluid in 150 cases of grave mental 
confusion. Dementia praecox and epileptics showed a normal pH, alkaline 
reserve, Cl and Ca in both blood and spinal fluid. 

Two reports described methods of producing sleep. The first was electrical 
stimulation of the mid-brain of cats, which produced a drowiness so natural 
that the cats would not lie down on a damp bed to sleep but waited until a dry 
cloth was made available. In the other report, a profound sleep lasting three 
to six hours was produced by injection of a 5% salution of calcium chloride into 
the third ventricle of cata. Ergotamine had the same effect. Potassium chloride 
produced & state of agitation. 

Studentsa of problems of reading will be interested in some investigations 
pertaining to eye movement and word recognition. A lesion in the posterior 
half of the hemisphere, especially one that is supramarginal or in the angular 
gyrus, or which affects adjacent portions of the parietal, occipital or tempcral 
lobes produced a type of eye-movement which was slow in its pursuit of moving 
objects, but relatively rapid in its return to and fixation upon the next oncoming 
object of the series. Lesions of the left supramarginal gyrus were reported by 
- another speaker to be characterized by difficulty in repetition of words, difficulty 
in oral reading, verbal paraphasia, and the secondary disturbances in arithmetic 
and writing. A disturbance on the rim of the area striata was apparently. respon- 
sible for a type of dyslexia in which the subject could grasp one symbol but 
could not coórdinate one with the next and the next in a fashion to make reading 
possible. Disorders of motor speech, apart from verbal comprehension, were 
found in connection with tumors of the frontal spheroidal lobe, and with lesions 
in the Broca area. Of especial theoretical suggestiveness was the observation 
made during the course of the discussion by one German neurologist that a 
pathological subject, unable to name an object, does not respond at random. 
He is apt to give it a name that sounds like the correct one, or to name an object 
' like the original in color, in size, shape, function, or otherwise associated. 

The clinical psychologist finds after a week of discussion with the neurologists 
an increased alertness for organic disorders in his cases. He would always, of 
course, refer to a competent neurologist for examination any case showing 
exaggeration or diminution of any reflex, partial paralysis or anaesthesia, hyper- 
tonia or rigidity in some muscles, disturbed gait or posture, inadequate coördi- 
nation, local headaches, restricted visual or other sensory fields, hallucinations - 
involving any sensory channel. Even such symptoms as ready fatigue, aphasias, 
tendency to unwarranted euphoria or depression, marked alteration in person- 
ality, tendency to re-live scenes of earlier childhood, psychic automatism, rest- 
lessness, indifferent affectivity, drowsiness, increasing dullness or confusion, 
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vertigo, loss of sphincter control, and memory failures, while by no means usually; 
caused by neurological disorders, were included among the evidences presented. 
for the diagnosis of organic disturbances. ' The clinical psychologist would 
probahly find, after the neurological diagnosis hed been made by the help of the’ 
' best modern techniques, that, if the patient were likely to gurvive, the job of 
training him to some sort of usefülness and enjoyment in life in spite of. hig 
inevitable handicaps, must needs be passed back to the psychologist. 
In the total number of papers contributed Germany led with. 29, Italy and 
" ‘America followed with 28 each, France with 22, Austria with 17, Czechoslovakia ' 
with 15, Russia and Sweden with 13 each, Switserland, England, and Poland 
with 12 each; Holland with 11, Hungary with 7, Spain and Portugal together 
with 6, and all others with 9. . ' 
As regards the topics treated, the figures are as follows. Under the head of 
SARI the cause, meohanism, or course of some specific nervous disease 
or disorder, there were 70 papers, Italy leading with 1r, followed by Germany 
and Russia with 7 each, America, France, Poland, and Holland -with 6 each; 
Czechoslovakia-Roumania-Greece! and Switzerland with 4 each, Sweden-Norway- 
Denmark* and Spain-Portugal with 3 each, Austria and England with 2 each, - 
Hungary with 1, and all others with 2. The greatest number of papers under 
this-head dealt with infections, toxins, and lesions, 27 in all, Holland leading 
with s, Germany following with 4, Italy, America, ‘and France with 3 each; 
Czechoslovakia and Poland with 2 each; Hungary, England, Austris and Sweden 
with 1, and all othera with 1. Next in frequenzy came papers on trauma and 
post-traumatic neuroses, 16 in all; Italy, Franee, and Russia with three each; 
Germany, Switzerland, and Spain-Portugal with 2 each; England with 1. ‘Four; > 
teen papers dealt with atypical and unusual cases; Poland with 4, Italy with 3, 
Czechoslovakia with 2, and Austria, Russia, Sweden, Poland, Holland, and Spain- 
' Portugal with 1 each. There were ro papets on tumors, gliomas, and the like, - 
America, Russia, and Switzerland presenting 2 each; Germany, Italy, and Sweden 
I each, and all others 1. Only 3 papers dealt with glandular disorders, one ‘each 
from Italy, America, and Russia. 
Diagnostic technique stood next to pathology i in the number of papers dealing 
with it, 54. There were 23 papers on brain puncture, fluid examination, X-ray 
examination, ventriculography, encephalography, ‘chronaxy, etc.; 11 from Ger- 
many, 3 from America, 2 each from Sweden and Hungary, and 1 cash from Italy, 
- France, Austria, Russia, and Holland. Sixteen papers dealt with clinical signs; 
gait, motor and sensory disturbances, pains, sweat, body- , ete.: 3 of them 
from France, 2 each from America, Czechoslovakia, and England, and x each 
from Germany, Italy,’ Austria, Russia, Sweden, Poland, and Hungary. Five. 
papers dealt with body chemistry: acidity, sugar, elbumen, phosphates, Wasser- 
man, Nonne-Appelt, N, Cl, Ca, eto.: 2 of these from Austria and 1-each from 
. America, Czechoslovakia, and Hungary. There were 6 papers dealing with 
psychological means of, diagnosis; tests of intelligence, special’ abilities and ' 
. handicaps, perception, handedness, ete.: 2 of them from America and 1 each. 
from Germany, France, Russia, and Switzerland. Four papsrg, one each from Italy, 


"This group hereafter indicated in the text bv Csechoslovakia. 
"Hereafter i in the text indicated by Sweden. 
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France, Czechoslovakia, and Spain-Puctueal, came under the head of miscel- 
laneous combinations of technique. 

Under general anatomical, physiological, and histological topics 22 papers . 
might be classed, 3 from Austria, 2 each from Germany, Italy, America, Sweden, 
Switzerland, England, and Poland; 1 each from SOES Russia, and Spain- 
Portugal; and 2 from. other countries. 

Tone and posture were discussed in 19 papers: 4 American, 3 each from France, 
Roumania, and England; 2 each from Italy and Holland, and 1 from countries 
' classed as miscellaneous. . 

Eighteen papers dealt with categories, classifications, comparisons, and ou'lines: 
i. them from France, 3 from America, 2 each from Italy, Austria, and Spain- 

ortugal; 1 each from Germany, Russia, Sweden, England, and Poland. 

| Seventeen papers dealt with therapy. Eight of these had to do with surgery; 

2 each from America and France and 1 each from Germany, Italy, England. 
Four were concerned with radiation, 1 each from Germany, France, Sweden, 
and England. Two had to do with drugs, from Italy and America r2spec- 
tively. One paper from Sweden dealt with malaria, and 1 from Austrie with 
psychotherapy. Preventive BRA OR and hygiene were the subject of 1 paper 
from Sweden. 

Thirteen papers had to do with localization of function in brain areas: 2 each 
were from Germany, Italy, Czechoslovakia, Switzerland, and miscelleneous 
countries respectively and r each from America, Holland, and Spain-Portugal. 

Finally, there were 21 papers classed under miscellaneous, including medical 
training, laboratory experiments, embryology, anthropometry, ete.: 5 from 
Austria, 4 from Italy, 2 each from Germany and Switzerland, 1 each from 
America, Czechoslovakia, Russia, Sweden, Poland, and Holland, and 2 from 
countries classed as miscellaneous. 

Teachers College 

Columbia University l Goopwin WATSON 
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| A B C de la Graphologie, I & II (Documents). By J. Cnérrgux-Jawtw. Paris, 
Félix Alcan, 1929. I, pp..357; I, pp. 368.. ` 

` All readers who desire information concerning’ aanholt? at ita best should 
read this lucidly organized kook by the veteran graphologist, Crépieux- Jamin, 
- and should study carefully the volume af documents that accompanies it. Even 
the moat skeptical critic of graphology must acknowledge the curious problems 
projected by such an exhibition of graphic individuality. As an illustration of the : 
inexhaustible variety graphic forms may assume, the author cites the possible 
variations that may occur in the writing of even one letter. It is possible, he 
asserta, to accumulate a thousand, ten thousand, or a hundred thousand. speci- 
mens of the same capital letter without encountering any that are identical with _ 
each other. . 

The first and fundamenta) neod for the student of handwriting in the face of 
such diversity is descriptive classification. Buch olassification involves a system- 
atic procedure which slightly reeembles systematic work in boteny or zoology. , 
It is, of course, keyed much less objectively. The author proceeds from seven 
genera. which give merely an outline of his program, to the species which are 
much more basal. - Generic characters include speed, pressure, form, direction, 
dimension, continuity, and order (l'ordonnance). These genera are divided into 
175 different species, each of which is described and illustrated. The species are 
differentiated in terms of & general form-quality of movement which one -must 
learn to see. Instructions are given by means of which one may re-live a move- 
ment. Subordinate to the species are the modes, or petite signa of graphology, 
characteristics which the amateur sees first, and which are misleading. The more _ 

‘narrowly a sign is specialized, says Crépieux-Jamin, the less it is adapted to 
represent a fundamental trait of character. There are no particuler independent 
signs of the comprehénsive graphic partent One must begin with the species zd 
not with the details. 

-Bome of the species, described as TR are, süofeova of much more 
fundamental significance than others, for example Fécriture inégale with all its 
diversity of nuances. Important, too, is the general quality which is discussed 
under the two headings Pécriture organisée, and tnorganisée. In the latter dis- 
cussion one approaches the problem of the development of writing from the im- 
mature to the mature hand. One may study the organization of an individual 
handwriting in the experience of the child, or see the reversed process as it occurs 

in the failure of control as old age sets in and progressively disorganizes the motor 


expression. .There are other dominant categories which cannot be detailed here, ' 


except, perhaps, to state that in eommon with other students of graphic movement 
Crépieux- Jamin stresses speed and dynamic qualities. It is the habitual rhythm 
and degree of activity that the gr&phologist is seeking to penetrate. It should, of 
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course, go without saying that all graphologiste of standing insist upon ample 
documentation in an investigation; and are on the alert to recognize the accidental 
modifications of writing which occur under such conditions as writing in a cold 
room, on's moving train, or with different kinds of writing implements, on poor 
paper, or in a restricted space, and the like. The individuality that persists in 
spite of surface changes is what is sought by the graphologist. 

From the descriptive sidé, Crépieux-Jamin’s presentation is very valuable. 
But when one turns from description of the various patterns of highly individual- 
ized writing to a psychological interpretation of them in terms of personality one 
finds oneself on slippery ground. The new graphology no longer relies upon the 
graphic signs of the older graphology. It is interested in the form-quality of the 
writing taken as & whole, and not in.the identification of unrelated details, the 
synthesis of which is a bewildering matter. A little has been done to test by ob- 
jective methods the validity of the graphic signs of the older assumptions, but 
scarcely any attempt has been made to experiment on form-quality of writing 
although Binet made some approach to the problem. Crépieux-Jamin, while 
rejecting a purely analytical treatment of handwriting and emphasizing the need 
for a synthetic grasp of the whole, has little faith in so-called intuition and no 
faith at all in the amateur graphologist. He calls for prolonged training in she 
perception of form, and frequently relies upon an esthetic evaluation. 

In the absence of any evidence proving or disproving the fundamental as- 
sumptions of the new. graphologist—namely, that the form-quality which dis- 
tinguishes the graphic movement will also be found distinguishing the personality 
taken as a whole—it is possible only to call attention to certain points upon which 
experimental evidence is actually at hand. Crépieux-Jamin treats reversed 
writing, or the back-slanted hand, in a fashion much more conservative than that 
of the older graphologists. He realises that it may proceed from a number of 
different causes and cites some interesting statistics as regards the frequency with 
which it occurs among school children in France. He holds it to be more common 
among adolescent children than among adults. When it appears in the writing of 
adults he is inclined to interpret it in accordance with the old-time view as an 
evidence of emotional repression. Experimental work has, however, shown that a 
back-slanted hand is, in many cases, evidence of crossed dextrality, that is, op- 
position between the dominant hand and eye, or of latent sinistrality. It is not 
impossible that one may find temperamental patterns built upon inhibitions and 
difficulties due to conflict in kinesthetic impulses. Such, however, remains to be 
proved. In the meanwhile the explanation of back-slanted writing in terms of la- 
tent sinistrality is much more specific than the graphological explanation. I cite 
this as an illustration of the difference between the graphological and psychological 
approach to the same problem. In the same way, in the author’s discussion of the 
graphological significance of misspelled words, he fails to reckon with statistical 
data available in the field of spelling-research. 

One would like to see graphology and psychology come into more intimate 
relationship. The graphologist is, for the most part, ignorant of recent attempts to 
handle the problems of personality scientifically; the psychologist is blind to the 
nuances of graphic form. Can ground be found for a common experimental 
program? 

University of Wyoming  . B Juns E. Downnr 
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umin Nature: A First Book in Psychology... By Max BonozN. New York, 


. Harper & Bros., 1930. : . Pp. xviii, 504; 3 pl . l 
Frankly disclaiming all pretensions as'a trestise, this book sets out with the 
avowed aim of establishing an entente cordicle with the reader. ‘This objective it : 


would appear fairly to have attained. Fluently written and well printed, with 


attractive type and ample margins, it prefaces each section with provocative sum- , 
maries and suggestive questions. The elementary facta of the nervous system are | 

. concisely furnished, with accessory cuts of unusual clarity and bold lettering. ' 
pereonality—ever popular themes—receive fairly. 
. representative treatment, with copious citations from social, abnormal, and com: 


Habit, ‘ instinct, emotion, 


parative psychology. Accounts of experiments in the psychology of music and,. , 


SUppode; the future scientific value of the laster. 

` These merits are achieved, however, at the expense of serious omissions and 
foreshortenings of content, jeopardising the value of the volume as a college text. 
Thouga avowedly representing both 'struetiralism' and behaviorism, and citing 
exponents of ‘mind’ (Russell, C. K. Ogden, Kéaler) as frequently as.Pavlov or 
Watson, the author does scant justice to the typical experimental attack of the 
older, etabler tradition—the use of hypothesis, standardization and ordered varia- 


. tion of conditions. In the fields of feeling, ection, and imagination, facile verbal 


~ 


‘Questionaries on various traits are inserted—i such detail aa to vitiate, one would . 


solutions or opinions replace exact analysis of present-day enigmas; and rationali- 


zation and defence mechanisms are accorded fuller space than ‘thinking’ proper. 
The doctrines of heredity and ‘unit traits’ are cavalierly treated in an early section, 


variants in musical talent and in personality. 
The logic of the author’s terminology is often difficult to desipher. ; Wide 


than the student, the treatment on the whale is of a nature to repel rather than at- 
tract the type of recruit sorely needed in the paychological field today—the individ- 
ual of curious yet critical and constructive bent. 


:. A booklét of clever and suggestive “Learning Exercises,” cast in the mould of | 
the familiar ‘true and false,’ multiple choice, and similar forms, hes been devised ` 


by the author and his staff to accompany the volume. There are suitable exercises, 


] designed for individual use by the student, for each of the main topics, running in 
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Geniale Menschen. By Enwmer KRETSCHMAR. Berlin, Julius Springer, 1929. 


,Pp. vill, 254. 


l departures from current usage in the handling of such-stock terms ag attribute,” 
inference, accommodation, psycho-physical mecsurement occur (pp. 184, 16, 187, 31), 
with no discoverable gain. Cut to the capacity and tastes of the lay reader rather 


" "only to'be quietly readmitted as basic trutha, when needed later to explicate the " 


-€ 


pa P—— 


" treatise on genius, written from a scientific point of view. By his repeated em- 


phasis upon objective data and his substitution of acientific method for purely 


tion of a scientific psychology of genius. 
The problem of the study is “to demonstrate the laws governing genius and its 


vae 


- 


philosophical speculation, the author has mide a siġnificant advance iti the direc- | 


inheritance, and SERO present & cas true-to-life likeness of creative Ee | 
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ties." The treatment follows the lines suggested in the chapter on “Die Genialen”? 
in Körperbau und Charakter, 1921. The scope, however, is much broader, in- 
eluding all the major problems of genius, of which the question of psychosomatic 
types is only one. 

Kretschmer’s criterion of genius is two-fold: (1) the possession of certain unique 
qualities of personality, and (2) a positive reaction of the social group to these 
qualities. The essence of genius is a specially structured mind, which produces 
positive vital values, that bear the stamp of an unique and unusual individuality. 

The main body of the book is divided into three parts. The first, entitled 
"Laws" is systematic, dealing with particular problems of genius. The first chap- 
ter is devoted to a discussion of the relations between genius and insanity. Kret- 
schmer expressly denies Lombroso's contention that all genius is ihsane, yet in the 
end his own position comes very close to Lombroso's. The formula for genius is 
high intellectual endowment plus the demonic element. The demonic is defined as 
that element which finds expression in the strange mental activities, the unusual 
ideas, and the uncommon sorrows, characteristic of genius. Precisely how demonic 
traits differ from psychopathic.traits, Kretachmer never makes clear. On the 
contrary, he tells us that the demonic and psychopathie elements are very closely 
related, sometimes inseparable. Some demonic traits are identical with psycho- 
pathic traits. Nevertheless, there is no necessary ‘inner’ relation between in- 
_ sanity and genius. The typical genius is insane, but his insanity is not essential to 
his genius. The argument is not convincing. Whatever might be gained by postu-. 
lating a demonic element seems to be lost in the author's failure to draw any clear ` 
distinction between it and the psychopathic element. In the absence of any 
criterion of the demonic, Kretachmer's position approaches al s in fact if 
not in words. 

Other problems discussed in Part I are abnor of the social impulse, 
constitutional types, the inheritance of talent, and the relation between genius and 
race. One is led to believe that the majority of geniuses have some form of sexual 
abnormality. In theoretical interpretation of sex functions, Kretschmer leans 
heavily upon Freud. The author’s theory of constitutional types is briefly 
restated, and the reader is referred to Körperbau und Charakter for a more de- 
tailed discussion of the subject. Regarding the inheritance of talent, Kretschmer 
suggests that the high frequency of genius among the offspring of unions of diverse 
family stocks is due to the fact that such unions produce individuals of complicated 
psychological structure, inner contrasts and conflicts, restlessness and instability. 
As for the relation between genius and race, the author proposes a theory based 
upon the geographical distribution of genius. Genius and the highly developed 
culture which invariably goes with it occurs most frequently in zones of racial 
mixture, in which there is a high degree of intermarriage between two diverse races. 
Within the domains of the Nordic race, the highest cultural centers appear, not 
where the race is purest, but where it is highly mixed with other gifted races, 
especially the Alpine. Thus Kretschmer’s “objective statistical method” leads 
to a refutation of the popular theory of Nordic supremacy. Unfortunately, the 
statistical evidence is not included, sc that it is impossible to judge the adequacy 
of his method of selecting data. Racial types are not identical with constitutional 
types. There are various constitutional types in every race, with some one type 
probably predominant. The Nordic race, for example, shows a large proportion of 
the asthenic type of physique j the Alpine race, a large proportion of the pyknic. 


394 | ' BOOK REVIEWS 


In analyzing the physical xd mental traits of the peoples in the zones of Nordic- 
Alpine mixture, Kretschmer attempts to demonstrate a correlation between ratio 
of Nordic-Alpine blood, type of temperament, and. form of genius. In regions where 
the Nordic component is predominant, the temperament of the pecple is relatively 
‘cooler, and here we find the center of politice] talent and techno-scientifio develop- 
ment, (England, northern Germany, and North Anierica). In regions of Alpine 
predominance, on the other hand, we find a ‘warmer’ semperament—the center of, 
artistic culture, (middle-souchern Germany, middle-upper Italy, and France). 
These generalizations are interesting, but one misses corroborative statistics. ` 
In Part II, certain important trends and.types of genius are illustrated by 
reference to the lives.of famous geniuses. Goethe’s Efe is cited as an example of 
periodic fluctuations in the productivity of genius. The scientific genius is typi- 
fied by Robert Mayer; the heroic leader of men, by Bismarck, Luthar, and Robes- 
pierre; the mystically inspired genius, by Edldsrlin; the prophet, by Rousseau. | 
The author pauses briefly in his portrait painting to argue that the phenomenon of 
genius is limited almost exclusively to the masculine sex. A few women, he grants, 
have done original and creative work, but they were essentially mannish. “The 
great women were great because they were grea; men," is his conclusion. Queen 
. Elizabeth of England, Christine of Sweden, and the German poet Annette von 
Droste-Hilshoff, are presented as evidence. 
. The portrait collection of Part III has a brief explanatory preface. Philoso- 
phers show a strong tendency toward the leptosome (asthenic) type of physique. 
Athletics and pyknies seldom occur. Among natural scientista, on the other hand, 
we find pyknics and mixed forms in abundance, especially in the biological sciences. : 
In the more abstract sciences, such as mathema-ical physica, the leptosomes pre- 
dominate. Here again one feels the need of statistical evidence in support of the 
generalisations. The portrait collection itself is excellent, adding considerably to 
the value of the book. It contains pictures of all those geniuses who have received 
particular attention in the text and many others. Strangely enough, there are 
four women among them. But perhaps tkey all had mannish temperaments! 
The pictures are grouped according to type of productivity under five headings: 
(1). philosophers, (2) physiciens and biologists, (3) dramatists and pathetics, (4) 
romanticists and stylists, (5) realists and humorisis. There are 80 portraits in all. 
Smith College E FRANCES REN l 


A Primer of Aesthetics: Logical Ápproachzs to a Philosophy of Art. By Tos 
Grupin. New York, , Covici, Friede, 1930. Pp. xvi, 247. 

Beauty: An Interpretation of Art and the Imaginative Life. By Hunan H. 
Parxuunst. New York, Harcourt, Brace & Co., 1930. Pp. xi, 336, 47 pl. 

Of these two volumes, the latter skirts more nearly the paychologist’s domain. 
Essentially an elaboration of a theosophical formula—the duality of the cosmos-— 
it translates all beauty into a juxtaposition of entitheses (movement vs. perma- 
nenoe, order vs. chaos, unrest vs. stability). Art is, as it were, a microcosm reflecting 
or harmonizing the conflict inherent in nature and human consciousness. There 
is little explicit reference to either psychological or philosophical theory, and the 
efforts of the experimentalist are consistently ignored. Considerable space, how- 
ever, is devoted to enthusiastic and suggestive cataloguing of the sensuous qualities 
with which the artist works; to eloquent inventory also of the permutations of 
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time and space and movement on the ad-oit handling of which the charm of sculp- 
ture, music and architecture depends. A wide familiarity with the various fields 
of art and of art criticiam is apparent, and the text is enriched with reproductions 
of classic works of art, and photographs cf modern buildings and of natural objecis. 
The treatment of form and of artistis creation is, however, disappointing, the 
author lapsing too often into a mystical or dithyrambio vein. Few writers in this 
field, it may be added, command a mors flexible and extended glossary of all the 
nuances of mood and feeling. 

Grudin's text, in marked contrast, RE a deliberate aloofness from the 
concrete and specific. Inspired, apparently, by the poet-critic Valéry's Varieté, the 
author sets out to forge an idiom of logical abstractions, unique to aesthetics, 
which. shall redeem this field once and for all from the intrusion of the literary 
critic or the metaphysician. The problem of aesthetics is a problem of symbolism, 
of meanings in a set contextual field. Paychological aid is explicitly repudiated as 
irrelevant (this position grows more intelligible as one proceeds and the naiveté of 
Grudin’s psychological concepts becomes apparent). . Part I grapples with Russell 
and Bergson, with verbal logic and space and time and meaning. In Part II 
(Introduction to a Theory of Aesthetics), at the close, current views receive brief 
and sometimes trenchant.criticism. Definitions of art as illusory, intuitional, 
utilitarian and moralistic, an escape phenomenon, an aberration, a function of the 
ego or a specific order of behavior (the latter derived from the limited context of 
‘the laboratory world of psychology’) are all dismissed as tending to “reduce beauty 
to one or another set of attributes, without suspecting that beauty escapes re- 
duction to any set of attributes whatever . . . but is definable only by means of 
8 conjugation of such reductions through a series of their transformations.” One 
is left with the impression that the initial optimistic promise of the.text, ‘to estab- 
` lish aesthetics for the first time as a field of authentic and verifiable knowledge,’ 
remains unfulfilled. 

Cornell University. Ersm MURRAY 


ae de Ptscologia de la Adolescencia. By E. A. Cuaven. Mexico City, 
Secretario de Educacion Publica, 1928. Pp. 482. 


This volume is written by a man wao was intimately connected with the educa- 
tional affairs of Mexico for about thirty-five years—sub-secretary of Education, 
rector of the National University, director of the Facultad de Altos Estudios, ete. 
It is he to whom James Mark Baldwin dedicates his History of Psychology aa to 
"the great patriot and scholar.” Chaves is also a translator of Titchener’s 
Text-Book into Spanish. The present essay is something like a collection of in- 
dependent sermons which draw on a variety of sources. Like a preaching philcso- 
pher, the author does not care about concrete material and experiments, tables, 
surveys, or case studies. His book is & message of good will “directed to the peoples 
of the earth, to classes of the nations, to parents and children." The world is in a 
state of moral anarchy, “and it is the duty of the present day educator to show the 
dangers and to put the present generation on the single right track.” f 

The titles of the four large parts are as follows: (1) Adolescence and Life, 
(2) Inference and Corollaries, (3) Cardinal Phenomena of Mental Life, (4) The 
Highest Structures of Psychic Life. The factual materiai of the first two parts 
approaches the typical layout of a textbook such as that by Pechstein and Me- 
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Gregor, and the data are almost entirely from non-Mexican sources. Only a few 
items refer to Uribe y Torosko and to Santamarina, for example, when the pre- 
puberzl increase of weight in girls is represented as being about one and one-half 
year earlier in Mexico than in cooler countries. There is also a section on the re- 
cent history of secondary education in Mexico City. The author seems to favor 
very dafinitely the separation of sexes in school life without any artificial separa- 
tion outside of school. The third part of the book reveals the definite leaning of 
the author towards MeDougall's hormic postulates. The formation and dynamics 
of Freudian complexes is explained as the tendency of unfinished acts toward 
“closure” in the sense of the Gestaltists. Superior forms of love, the question of 
sex education, and a criticism of the “so-called philosophical teaching" which un- 
justly, according to the author, discredits the Catbolie Church, are interesting 
features of the discussion. The drive toward atheism is said to be motivated by 
the aversion toward restrictions which good morals impose upon people; and the 
overth-ow of religion generally, to be followed by the development of low grade 
superstitions. Such superstitions are explained psychologically by the author on 
the principle “that when a more noble and higher function is affected it is replaced 
by the lower functions which reach a greater development.” 

It is characteristic both of the esteem which the author is enjoying in his 
country and of the great tolerance of the Mexican Government today, that Dr. 
Chavez's essays were published by the Department of Education. There is not a 
word, however, on the “school of action” which was proclaimed as the official 
‘school’ in Mexico; neither was mention made of tha psychological laboratories 
founded during the administration of President Obregon. 
^. Lewis Institute, Chicago ; ^D. BopER 


- Die Psychologie der produktiven Persénlichkeit. By PauL PLAvT. Stuttgart, 
Ferdinand Enke, 1929. Pp. viii, 324. . 

A methodological study of the principles and methods of the psychology of art 
involved the author in problems of psychogrephy, and the accumulation of mate- 
rials which suggested the need for a psychalogy of productive personality. The 
‘author formulates this in detail, although be regards his work as tentative and 
perhaps às a mere framework for future investigations. Creative personality—the 
man of genius—has always intrigued the professional psychologist, as well as the 
layman. Plaut’s:work combines the best features of previous discussions in this 
field. He does not rest satisfied with mere concepts of genius, talent or intelligence, 
but investigates concrete personalities displaving creative abilities. He appeals to 
the living genius for data. Since art and science are particularly favorable to the 
appearance of productive activity, the author seeks his material among scientists 
and artists who answered questionaries concerning their motives and methods of 
work. Plaut’s book, however; is very comprehensive and he prefaces the results 
of his psychographic gtudies with a historical survey of genius and intelligence. 
He shows how the mythological notion of a genius cr external spirit connected 
with man in his exalted moments is partially transicrmed by Plato into a con- 
ception of psychological endcwment, in which most subsequent ideas of genius 
were present in germ. Later Greeks reduced it to a function of reason and no , 
progress was made until the Renaissance. From that time, French, German, and 
English aestheticians and several of the French enecvelopedists elaborated con- 
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ceptions of genius varying in detail but reducible to the two categories of rationalis- 
tic and mystical. The author dismisses the literature on the relation of genius to 
madness as irrelevant to the psychology of productive personality. He criticises 
the whole literature on the psychology of genius for its failure to develop anythmg 
more than an abstract and dehumanized concept indistinguishable for practical 
purposes from the mythological notion which was its source. 

Intelligence is accorded a much briefer treatment, and the definitions and dis- 
cussions of German investigators, such as Ziehen, Ebbinghaus, Meumann, Stern, 
and Lipmann receive most consideration. The influence of temperament and 
character on intelligence is duly recognized and the author offers a comparative 
study of intelligence types. He concludes that the psychology of intelligance has 
erred in the opposite direction to that of the psychology of genius. It suffers from 
excessive analysis resulting in the dissolution of personality into its elements. 
This is dehumanization of another kind. Neither the students of genius nor those 
of intelligence present a psychology of personality. This can only be worked out in 
terms of what seems to be a configurational psychology. 

This brings us to the author’s own contribution to the study of productive 
personality. Modern methods of personality study such as the individual pay- 
chology of Adler, the mass psychology of Moede, the type theory of Kretschmer, 
and the personslistic and allied methods, are stated and criticised, after which the 
psychology of the productive process in scientists and artists is elaborated in the 
light of such criticism. The psychology of the scientific personality, as expressed 
in natural science, philosophy of law, history, and religion, reveals criteria of 
productivity which are strictly normal, in spite of the fancies of the psycho- 
analyste. Brief chapters correlate the views of eminent scientists on productive 
types and processes. Artistic creation is the subject of more extensive treatment. 
Leading poets, painters, sculptors and architects contribute detailed material on 
the experience of the artist, and the sources of his mastery of aesthetic form. 
Sections follow on the typology of artistic creation and the nature of the processes 
involved. The author finally concludes that productivity emerges from a har- 
mony of personality and its objecta. It is a function of the total Gestalt. In 
activity, or will, lies the final formula of productive personality. 

The final section of the work presents the views of contemporary artists and 
scientists on their personal methods of creation. Most of the writers are Germans, 
but there are contributions by Knut Hamsun and Miguel de Unamuno. Many.of 
the contributions are of great interes; and several contributors are frankly skep- 
tical of the value of experimental psychology in this connection. In summarizing 
a vast mass of data, raising fundamental problems of criticism, and offering the 
beginnings of new approaches, Plaut aas produced a work which will be indispen- 
gable to all students of personality. 

University of Cincinnati CHARLES M. DiBERENS 


 Wirkungaformen der Übung: Beiträge zur Psychologie der Arbeit. By BENNO 
Kern. Munster, Helios, 1930. Pp. ix, 508. 

This monograph deals with the influence of practice on performance, and is 
based on the author’s experience with aptitude testing during the war, and later 
with the students in the Westphalian schools. The first part is a theoretical dis- 
' cussion of certain obstacles encountered in performance testing—differences in 
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subjects’ mental set, instability of initial performance, fatigue, differences in 


practice improvement of individuals relative to one another, otc.—and methods of . 


controlling them. A discussion of the pertinent psychological literature, mostly 
German, accompanies each topic. toe is very little that is new and much is 
omitted. 

The second part describes a series of apaia studies on practice effect by 
the author and his collaborators. The justification for them is hard to discover. 


The groups of subjects are small and the tests limited in seope. Correlations are 


Worked on less than ten cases and sweeping conclusions drawn therefrom. It is 
- concluded on the basis of ten cases that girls are more accurate than boys. In ar- 
ranging the successive studies in this series, the author was evidently trying to 
vary the number of trials at a sitting, frequency of sittings, length of rests be- 
- tween, and age and sex of subjects, in some ungystematic way. The results are 
presentad graphically, demonstrating individual differences in the rapidity of the 
` attainment of a stability of performance level. 

The following conclusions are drawn: (1) the ontogenetic law of practice— 
initial efficiency rises with age, but practice effect decreases with age; (2) the differ- 
ential law of practice—within any age group low initial efficiency is associated 
with large practice gain, and vice versa, due to the operation of initial inhibitions; 
(3) the law of practice consequence—the function is affected both as a whole and 


in parts; and (4) the limits of improvement-—these limita are seldom reached, and ` 


an individual’s initial level is no criterion of his stable ability. Hence performance 
tests can at present do little more than roughly to separate good and poor groups, 
without accurately diagnosing individuals. Certain improvements in procedure 
are suggested, such as arousing the will to improve, by group rivalry; introducing 
practice, spread over a long stretch of time, by utilizing alternate forms of testa 
until a more stable level is reached. 

In fairness to the author, we must admit his central criticism, that unique 
samples of performance are never very reliable measures of ability, and that 
practice changes relative levels; although as Thorndike and others have shown, it 
‘is quite as likely to exaggerate preéxisting differences as to obliterate them. But 
did any psychologist ever nalvely assume that such samples of performance had 
any more than a rough clasaificatory significance? The point is that a test is only 


useful as & time-saver, and has no advantage over an observation of efficiency on: 
the job itself, if the testing must be carried over several weeks. As to the authors ~ 
ten years’ research program, it was more or less gratuitous, since he bas discovered _ 


nothing which is not already familiar to students of the practice function, as a 
result of more systematic experimentation. The five hundred pages could well 
have been reduced to fifty. 

University of Chicago Artaour G, Bris 


Differential Manipulation tn Children. By Juura Hem Hemmm. Com- 
parative Psychology Monographs, 7, 1930, (no. 33), 1-121. 
This is an investigation of the preferential ‘handedness’ in varióus motor 


activities of pre-school children, in relation to certain training effects. Observa-: 


tions were made under controlled situations as well as in daily activities of the 
children’s own choice. Mixed types of individuals are now well-known, whatever 


may prove to be the respective rôles of germinal and of training factors in their : 


gore. t6 ek Sohne Ul 


BOOK REVIEWB 399 


acts. Downey found by classifying adults and children according to the Rife 
scheme that these two groups show similar distributions of dextrality types. 

The monograph in hand presents results on 24 children of ages 2 to 6 years 
(16 right-handed, 6 left-handed, 2 ambidextrous) in three different experiments: 
(1) offering equal opportunity for the use of either hand (marble-board test), 
(2) imposing inconvenience on the use of the preferred hand (in a form-board 
test), and (3) requiring rapid, spontaneous choice of the hand to be. used (children 
were to run and pick up some object and bring it as quickly as possible). Different 
variations in the tests and detailed analyses of the responses are considered, as 
well as effects of practice on changes in handedness. The adequacy of the tests 
were judged by the degree of agreement of their results with the reports of handed- 
ness by parents. In (1) and (3) above, a pronounced tendency by both right- and 
left-handed children to use the preferred hand was found; but less consistent re- 
sults came from (2). In all three experiments considerable variability in degree of 
bias was noted, convenience being an inrportant factor. 

Twenty-one children were also trained on & wooden peg-board to set pega of 
different colors (B, O, G) one at & time. as quickly as possible, into holes in parta 
of the board having the same color. Each child had one practice with the non- 
preferred hand each day for 5 days, and also a beginning and an end test with the 
preferred hand. Improvement in time scores was shown on the non-preferred, 
practiced hand by both the right-handed (17 Ss) and, less certainly, the left- 
handed (4 Ss) group. The left-handed group, however, showed greater speed 
with the right hand on the first day than with the left hand. Moreover, the non- 
practiced (right) hand of the former group showed an improvement approxi- 
mately equal to that of the practiced (non-preferred) hand. This may be due in 
part to transfer, to practice in the tests, to general maturity, or to certain ir- 
regular factors. One might expect the non-preferred hand to improve more than 
the preferred hand, even with equal practice. The left-handed group was too 
small for any serious consideration of results. This applies also to other experi- 
ments on training against dextrality tendencies, which therefore need not be con- 
sidered here. Motivation in these experiments seems not to have been well con- 
trolled, due to several difficulties considered by the author. Theresults of observa- 
tions on dextrality in uncontrolled activities agree closely with reports by parents. 

The monograph could have been vary much clarified and reduced in size by 
better tabulation and statistical handling of results, and by elimination of many 
irrelevancies and much confusing repetition. Its contributions, as it is, are not 
obvious. J. P. 


Common Annoyances: A Psychological Study af Everyday Aversions and Irrita- 
tions. By HuLrsmy Cason. Psychological Monographs, 40, 1930, (no. 182), 1-218. 

After arranging two lists of 239 and 268 annoyances, collected from 659 sub- 
jects, Cason presented them for scoring to 625 and 378 subjects, respectively. 
From these data he obtained an anncyance score for each stimulus-word, and 
also an annoyance score for each individual tested. 

His method of scoring both the stimulus-word and the individual records is 
identical. Since in both cases his range of possible scores falls between zero end 
thirty, some of his comparisons are more significant than they appear at first 
glance. For methods of comparison, Cason divided his subjects, running in 
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years oi age from ten to ninety, into four age-groups for each sex. In no case did a 
group contain more than one hundred and five subjects, and eleven of his sixteen 
groups contained fewer than seventy-five cases. Such small groups lessen the 
validity of his conclusions, particularly in an introspective test of this type. 

More than half of the monograph is devoted to a discussion of these annoy- 
ances, based to some extent on data collected from some five hundred subjects. 
These data are not presented for examination, nor can we assume that they came 
from those subjects who scored in the test. 

From his original data, Cason concludes that humen behavior constitutes over 
one half of our annoyances, non-human things and activities, combined with 
clothes and manner of dress, account for more than a third, while only about one 
eighth of our annoyances are due to either alterable or persisting physical character- 
istics of people. 

No attempt was made to check the reliability of the teet by having it scored a 
second time. Itis unfortunate that the raw scores are not translated into standard 
deviation units or into percentile tables, and that no attempt is made to prepare 
diagnostic tests from the material collected. 

Alabama State College Manip Hacer MEANS 


Heredity in Man. By R. Ruaaume Gares. New Yorx, The Macmillan Co., 
1929. Pp. xiii, 385. 

The book is a mine of information concerning researckes in heredity in man. 
In fact, at times it resembles an abstract Journal, in that the various researches are 
not always searchingly criticized nor brought together into any synthesis per- 
mitting a final or unified view. In justification the author could no doubt truth- 
fully plead that in many, if not most, cases our present knowledge is too meager to 

justify any evaluations even approximating finality. 

JMhoueh the audor expreses Binal m tis find Gixniures Bellevue th 
statistical or biometrical studies as well as in the analysis of pedigrees, only a 
smattering of studies of the former sort are incluced, and these few are not always 
analysed as critically as might be. Throughout, the tendency is to assume Mende- 
lian inheritance, but the author carefully avoids conclusions as to the exact mechan- 
ism of inheritance when not warranted by his facts. 

The psychologist will learn little thet is new concerning the inheritance of 
mental differences—only one of the sixteen chapters dealing with this subject. 
The remaining chapters deal with the inheritance of physical traits such as eye 
color, blood, abnormalities and diseases, and with racial crossing. "The psy- 
chologist will, however, find a number of very interesting suggestions and dis- 
cussions, 28, for example, the discussion of the relationship between available 
knowledge of the general and specific factors in mental ability, on the one hand, 
and that of the mechanics of inheritance of mental traits on the other. Par- 
ticularly in the discussion of the inheritance of ‘musical ability’ does he bring out 
the handicap under which the geneticists labor in attempting to determine the 
nature of inheritance of a trait which is not a unitary trait but a composite of an 
unknown number of factors. '"The study of the inheritance of musical ability thus 
appears to be swamped at present in the welter of components into which it has 
been analyzed.”’ 

University of Illinois ; HenRBERT WoobROW 
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Über das Wesen der Beanlagung und ihre methodische Erforschung. By Texo- 
DOR ZIEHEN. Friedrich Mann's Püdegogisches Magazine, Heft 683. Langensalza, 
Hermann Beyer & Sons, 1929. Pp. 38. 

In this pamphlet Ziehen sets forth a psychological analysis of endowment 
(Beanlagung in the widest sense cr Veranlagung) distinguished from talent 
( Beanlagung in the narrow sense or B2gabung). Such an analysis he holds is the 
proper basis for the construction o2 tests of potentiality. He then states 15 
principles covering the procedures to ba followed in the systematic examination 
of school children and the developmen; of better tests for the determination of 
vocational and educational aptitude. Finally, he gives examples of such tests in 
ten fields from Mathematics to Volitional Energy. Under each head several 
analytical test procedures are deacribed with comments which suggest extensive 
experience and keen insight on the pert of the author. This last part is especially 
rich with practical suggestions for reeearch in this field, where as Ziehen rightly 
says "out of more than 150 recommended tests scarcely two dozen are satisfactory." 

Points of outstanding psychologizel interest are the author's insistence on 
analysis, well summarized in his st&;ement, “a general intelligence (general 
ability, Spearman) does not exist." Tn part this may be explained by his rejection 
of correlation coefficients as adequate means of representing mental relationships. 
He holds that psychic performances cannot be treated numerically as additive and © 
divisible quantities. In this and in ais frequent use of combination as a basic 
factor in all perceptual and conceptual activities, he seems to lean toward che 
Gestalt point of view quite in contrast to the emphasis on analysis just mentioned. 
He favors individual examinations and trusts the psychological training of ihe 
examiner more than test standardization, although he urges the importance of 
age norms. 


The monograph is evidently a summary of psychological methods of deter- 
mining potentiality based on wide cEnieal experience and close acquaintance with 
an extensive international literature. Evidence for the statements advanced and 
statistical data on the tests described are provided only in the bibliography of 67 


references, chiefly to German periodicals. 
University of Oregon Howard R. TAYLOR 


Grundfragen der Wahrnehmungslzhre. By PauL FERDINAND lanxe. Second 
edition. Munich, Ernst Reinhardt, 1929. Pp. xxvi, 430. 

This work may be appraised best in comparison with textbooks. In general 
the latter aim to present the fundementals of psychology which should be the 
common basic currency of the scienzs for every student. But this aim is almost 
without exception rendered futile by the systematic convictions of the writer. 
Thus textbooks tend to become spəcial expositions of, and arguments for, a 
particular system like introspective =tomism, behavioristic atomism, functionalism, 
Gestalt, etc. The selection of experimental material in each such book becomes 
prejudiced and inadequate, and logicel consistency together with considerations of 
historical development distort the presentation. This may be a venial offence, 
inescapable perhaps because of the immature character of psychology. But it is 
possible that the offence may be mare traditionel than inescapable; for in taxt- 
books on physics and chemistry and even biology fortuitous impressions and con- 
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victions are not so frequently permitted to interfere with the presentation of 
fundamentals, and a fair uniformity is achieved, at least in the elementary works.: 
The especial virtue of Linke’s work lies in the circumstance that it in no way 
presumes to be a textbook or a book of fundamantals, but frankly declares itself 
polemical. Assuming a fundamental groundwork, its primary concern is with the 
application of Husserl’s phenomerology to the problems of perception and par- 
ticularly to the problems raised by Gestalt. The openly controversial tone of the 
book is everywhere manifest and constitutes ite Justification. The work is deter- 
mined by a freely announced program of ignoring all genetic, and principally 
physiological, considerations. Throughout emphasis is placed on the significance 
of experimental data, particularly those published since 1919, the date of the ap- 
- ——- -.pearance.of the first edition... As one Wight expect from Linke's pioneering studies 
in movement, a great deal of attention is paid to this subject, with the especial 
purpose of rebutting Wertheimer. Obviously there is & place in psychology for 
such a book which, though too frequently unconvincing, warmly and capably 
presents the arguments for phenomenology. 
University of Louisville Eis FREEMAN 


Das Wesen der Ironie. Eine Sirukturaralyss threr Erscheinungaformen. By 
R. Janoza. Leipzig, Barth, 1929. Pp. vi, 111. ' 

Jancke's study of irony cannot be appreciated without recourse to the methods 
generally used in phenomenological writings, and especially not without the cate- 
gories developed in Pfünder's Psychologie der Gesinnungen. The author seeks to 
determine the nature of “irony” by analyzing the various forms of irony employed 
in social intercourse, and the relatione between irony and such phenomena as 
humor, sarcasm, cynicism, etc. A '"lesser" and a "greater" irony are distin- 
guished. The lesser irony is, for example, elways a mixture of "manifest" and 
“eovered-up” irony. In case the ronical aititude is permanently assumed by a 
person, we have the greater irony. The greater irony is a LebensgefuAl. 

It ie not possible here to evaluate critically the phenomenological approach to 
the study of attitudes, feelings, and emotions in general. The value of Jancke’s 
book is inextricably linked up with the results of such a critique. It may be gaid 
at least that, no matter how questianable some of the findings of the phenomenolo- 
gists are, studies of this kind bring home to us the complexity of emotional states, , 
a complexity which is often overlooked in experimental research for the sake of 
obtaining "measures of" emotions. ' 

Behavior Research Fund HxamrNRICR KLÜvzsR 


Essai sur la logique de l'invention. dans les sciences. By Jaqugs Picarp. Paris, 
Félix Arcan, 1928. Pp. 288. 

The present easay by M. Picard, which is one of a series in the Bibliotheque de 
Philosophie Contemporaire, attempts to show that logic, far from being merely the 
science of proof, is even more the science of discovery. The author argues that the 
methods of logic have combined with precisa experimental methods in the dis- 
covery of-new facte and in the progress of science. A wealth of evidence is adduced 
from the history of astronomy, physics, chemistry, medicine and from mechanical 
inventian to show that scientific method embraces both induction and deduction 
regarded from the standpoint of discovery rather than from that of proof. _ 
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Logicians and philosophers since Facon have regarded induction as the method 
peculiarly adapted for scientific discovery, but have treated the deductive method 
as the method of proof. Picard finds abundant evidence in the history of the 
sciences for opposing this view. Many discoveries in astronomy, physics, and 
chemistry have resulted from deductions based on known facts and laws or on 
assumptions which have been suggested. It was in large part by deduction that 
Galileo was led to the discovery of the laws of falling bodies, and Maxwell to the 
discovery of the electromagnetic wave. “A mathematical law is of greater im- 
portance than an ordinary discovery,” wrote Arago, “for it is itself a source of 
discovery." 

The essay is an elementary and concrete study of the logical method as il- 
lustrated in the history and progress of science and invention rather than a formal 
and abstract treatment of the laws cf thinking. A bibliography of seventy-two 
titles is appended. 

University of Montana FRANKLIN O. Sutra 


A Point Scale of Performance Testa: Vol. I, Clinical Manual. By GRACE 
ÀRTHUR. New York, The Commonwealth Fund, Division of oh: 
1930. Pp. ix, 82. 

This manual has been prepared to meet the need for a non-verbal acale of 
individual tests, comparable, in its field, to the Binet scale for children suffering no 
school training or language handicaps. The present scale of performance tests 
seeks to improve upon previous perífarmanoe testa by adequate standardization 
against a large sdmpling of representative public school children. The inference 
from the discussion (comparing I.Q. of testees with Binet I.Q.) is that this test is 
the same sort of ‘general intelligence' test as the Binet scale, except, perhaps, in : 
cases having special forms of ‘non-verbal abilities." It should also be noted that 
in earlier preliminary reports of this scale it was called An Absolute Intelligence 
Scale. 

The manual contains two forms of the performance scale. Form I consists of 
the following tests: Knox Cube, Seguin Form Board, Pintner Two-Figure Form 
Board, Knox Casuist Form Board, Fintner Manikin, Knox and Kempf Feature- 
Profile, Healy Mare and Foal (modified), Healy Picture Completion I, Porteus 
Maze, and The Kobs Block Desigr; and Form II, of Knox Cube (reversed), 
Seguin Form Board, Gwyn Triangle, Paterson Five-Figure Form Board, Glueck 
Ship Picture Form Board, Healy Piz;ure Completion II, Porteus Mental Maze 
(number at left of subject), and Koke Block Design (designs inverted). Form I 
was standardised on responses by 1,120 children and Form II on responses by 535 
of the same children about a year later. “For fifty percent of the cases tested on 
Form I, the I.Q. falls within five points of the I.Q. obtained on either the Kuhl- 
mann-Binet or the Stanford-Binet seale" (p. 4). The P.E. of measurement be- 
tween Forms I and II ranges from 4.52 I.Q. points for the 6-year-old children to 
8.45 for the r4-year-olds. For the highest age-group (16 years) it is 7.97 points. 
Careful descriptions of the tests and ma-eris!s and directions for use are contained 
in the Manual. 

While the scale is designed mainly as a supplement to the Binet tests, par- 
ticularly as to the rating of children ceprived of the usual school and language 
training, it ig also said to be serviceable in cases of children requiring special 
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diagnostic teste, and as a means of breaking down timidity and of establishing 
interest and proper test-relationships for the application of the Binet scale. 

The present volume is intended for use by adequately trained clinicians. A 
second volume is promised which will give information on the details of the scale 
construction and standardization. It supplies age-norms for the point scores 
covering chronological ages 5.5 through 15.3 years for Form I, and 6.5 through 
16.5 for Form II, with some downward anc some upward extrapolations penses 
in italics. 

It is known that the reliability of some cf the performance testa used is iow. 
One wondere, in the absence of the promised data of Volume IT, whether the selec- 
tions of specific tests are the most happy in some cases. Criticisms on this score, : 
however, are as yet out.of place. The discrimina-ive value of each test is measured 
by a formula involving P.E. of distributions but there is no correction of these 
P.E. for unreliability. JE 


Krankhafie Seclensustinde beim Kinde: Grundlagen für das Verständnis 
intellektueller und sttilicher Regelwidrigkeiten. By O. Hmamann. 3rd. ed. Langen- 
salsa, Beyer & Sons, 1930. Pp. xv, 253, 7 pl. 

. The major portion of this monograph (208 pages) is devoted to an account of 
various forms of mental impairment resulting from “outer” causes. A second 
section of 44 pages describes mental abnormalities resulting from “inner” causes, 
“for the moat part of an hereditary nature.” The first group includes all forms of 
mental disorder or defect which have or may be assumed to have a physical basis, 
such a3 hydrocephaly, microcephaly, mongclsm, cretinism, etc. General mental 
deficiency of all grades, and special disabilities such as alexia and agraphia, are 
also included in this group, since Hermann assumes that these are the result of 
. cerebral deficiencies, either general or confined to specific brain-areas. In addition 

he lists a small group of “mental causes of mental impairment" in which gross 
bodily accompaniments: are lacking. 


Under the second head are included tack of self-confidence, oversensitivity, . 


the “psychopathic constitution” etc. Neither the grouping nor the point of view 
upon which it is based would be accepted by most American psychologists of today. 
University of Minnesota FronxENcm L. GoopmnoucH 


The Enlargement of Personaliiy: Behavior Patterns and Their Formation. By 
J. H. Denison. New York, Charles Scribner's Sons, 1930. Pp. xvii, 340. 

The author's thesis may be very briefly, and baldly, stated thus: personality 
is the behavior-pattern of the individual. This pattern is due to the influences of 
environment playing upon one’s capacities. Included in these influences are: 
the family; childhood gangs; tribal beliefs (taboos, social standards, ideas of 
caste); and the individual's concepts af himself (standards, ideals, etc.). One’s 
personality may be changed in some casos by suto-suggestion, in other cases by the 
influence of religion or other strong motivat-ng factors, and in still others by a 
carefully planned objective involving standards rigidly adhered to. The method of 
changing depends upon the individual's receptivity to suggestion. Emotions are 
important in giving intensity to various behavior patterns. 

Stated in such fashion, the text presents very little that is new to the pro- 
fessional psychologist. There is a large amount of anecdotal material giving point 
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to the above thesis and making it very readable. The lack of gpecifio citation of 
sources is not necessarily a drawback to an avowedly popular book such as this is. 

While there are many minor detals and statements with which most psy- 
chologists would disagree, taken all in all the book representa a fairly sound popular 
treatment of the subject. This opinicn is given in spite of a prejudice aroused by 
the publishers’ statement: “Here is explained a successfully tested method for 
becoming the person you would like to ba, for attaining happiness, peace, or whet- 
ever your real objective has been.” 

University of Pittsburgh J. H. MoFADDEN 


Introduction to the Psychology of th3 Classroom. By Cnuanunms E. Honey. 
Boston, D. C. Heath & Co., 1930. Pp. xiii, 257. 


This book is obviously of interes; to those concerned only casually with &p- 
plications of psychology in the schoolroom, rather than to those interested in the 
presentation of a system of scientific facts. It is evident that the author is more 
educationalist, of a practical sort, than psychologist. In the main the facts and 
suggested principles upon which the educational applications rely are true, and the 
interest of the book for the psycholog-st is found in the varying aptness with which 
the author shows how the principles apply. As to the so-called instincts he is 
somewhat too vague and perhaps too confident, and he is a little disregardful of the 
latest findings respecting sex differences. There are numerous statements made in 
good faith which many real psychologists would hesitate to make. It seems to she 
reviewer, moreover, that the author, being an educationalist of the practical sort, 
` is disposed to give accepted fact a turn to suit his practical purposes, which may be 
not only unwise but also unwarranted. 

University of Denver . THomas R. GARTH 


Social Psychology. By J. J. Symra. Boston, Richard G. Badger, 1930. Pp. 
xxv, 468. 

This treatise is characterized by the author as “the psychology of social at- 
traction and repulsion," and aims to present the field of personal and social re- 
lationships from the point of view of psychology. It outlines a systematic point of 
view in which the impulses and feelings, organized into sentiments approximately 
after the manner of Shand and McDougall, are basic. Desirable sentiments may 
evolve in genetic growth and in the mcdification of innate tendencies. An under- 
standing of the organization of sentiments reveals their relation to stability of 
social groups and relations between individuals and groups. 

The author’s discussion becomes somewhat incoherent at times, due perhaps to 
the fact that he makes generous use of quotations and citations. Many pages 
have from four to six of these. All but five of approximately 250 references are 
books, and no notice is given to contemporary trends in social psychology as re- 
. vealed in recent journal literature. Although the author states that “psychology 
must be based on ascertained fact" kis arguments are, for the most part, based on 
opinions from systematic discourses rather than facts discovered by experiment. 
The reviewer believes that, to be of value to contemporary psychologists, no 
treatise on social psychology can neglect the objective viewpoint or experimental 
method. 

University of Minnesota Murs A. TINKER 
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Dactivtté psychique chez les animaux: Instinct et intelligence. By L. Baerea- 
N&R. Paris, Vigot Bros., 1930. Pp. vii, 387. 

The reader of this book is taken through a large part of the domain of animal 
psychology, including its history, its major problems (especially instinctive be- 
havior), and a part of ita experimental achievements. The book is richly but 
carelessly documented with references drewn for the most part from French 
authors, most of the research dons in America being left out of account. Kéhler 
comes in for several pages but other references to German researches are scanty. 
Some of the older studies of Watson, Thorndike, Morgan, Yerkes and a few other 
papers by Hunter, Lashley, Jennings, and Loeb are listed in a poorly selected 
bibliography; but no use has been made of some of these references in the text. 
Such citations as the “Britisch Journ. of Psych,” R. S. Lashley, J. B. Wahson, 
and W. M. Weeler, numerous omiasions of dates, the meager number of references 
to studies published after 1915, and dozens of typographical errors do not increase 
the confidence of a reader in the scholarly quality of the book. 

The author is a veterinarian, and has wriften more in the temper and with the 
empirical outlook of Romanes than of Washburn or Hempelman. Descriptions of 
animal behavior from the Atlantic Monthly or from Mercure de France stand side by 
side with data from Hunter, Watscn, and Thorndike and not a little space is given 
to Jack London and James Oliver Curwood. The whole account is enriched by 
the author’s experiences from his professional career and by literature from fellow 
veterinarians. 

The author's early statement of program consists of a pointed self-instruction 
against undue anthropomorphism and of & vote in favor of Lloyd Morgan’s 
canon; but almost with the same sweep of the pen the author argues for a liberal 
interpretation of animal behavior in terms of human experience; and as soon as the 
review of the literature gets under way, it is the last injunction rather than the 
others that becomes dominant. 

The first chapter i is devoted to a history of animal psychology i in which a recital 
is made of the opinions of ancient and medieval authors. It is followed by a study 
of the methods that ought to be employed in animal psychology. It is here more 
than in any other chapter that the £uthor tries to place himself inside of American 
research; but the attempt is not impressive. 

Four chapters, totaling 134 pages, are devozed to tropiams, reflexes, and instinct, 
one chapter being given to the instinctive behavior of the social ingests. The dis- 
cussion of tropiam is hardly more than a review cf Loeb and is fair enough in its 
treatment. Reflexes are considered primarily in their rôle as the foundation of 
instinct and intelligence. Instincts are described as having a double origin. 
They represent complex and stabilized reflexes which can be transmitted by hered- 
ity, and are descended from acts which were originally reflective end conscious 
and have become unconscious through repetition. These, too, are said to be 
heritable. Thus the nature of the descent from intelligence to instinct is indicated; 
but we gre not told how the ascent from instinct to intelligence was accomplished. 
There is throughout the book the implication that the genetic history of mind is to 
be read in terms of a progression through trcpisms, reflexes, and instincts to in- 
telligence; but this is an assumption that is seriously in need of critical study and 
possible revision. 

The chapter on emotions (26 pages) draws much of its material from Kohler, 
Romanes, and Darwin, on the one hand, and from general experiance, mostly 


BOOK REVIEWS 4C7 


veterinary, on the other. It does more to set a problem and to throw light upcn 
lacunae in research on animals than it does to indicate progress in understanding 
this part of animal psychology. The chapter on the intelligence of animals begins 
with a lengthy account of animal tricks and genius drawn from the tales of sports- 
men, veterinarians, and trainers, and it ends with the usual remarks about 
“clever Hans," the Elberfeld horses, and Kohler on chimpanzees. There is, here, 
as in most of the other parta of the book, nothing more than a recital of facts and 
observations with hardly a critical remark on what has been reviewed. 

The book closes with a short chapter on language, which contributes almost 
nothing, and a brief résumé of the mental life of the higher animals as compared 
with man. 

The general conclusions do not represent a summary of the significance and 
general bearing of the researches mentioned but only a diffuse and somewhat 
philosophical statement of the beliefs and opinions, not to say prejudices, of the 
author. 

University of Illinois Gona R. GRIFFITH 


The Layman Looks at Doctors. By W. S. and J. T. Preece. New York, 
Harcourt, Brace & Co., 1929. Pp. 251. 

This is a narrative of a series of episodes in the life of an only daughter of en 
elderly physician, an educated and sensitive young woman who suffers a "nervous 
collapse" shortly after an apparently happy marriage to & devoted lover aud 
husband. The story of her period of mental aberration is clearly and somewhat 
dramatically developed from a lay point of view by the writers, husband and wife, 
whose early married life is thus interrupted by the latter's abruptly appearing 

illness. In her efforts to regain her menzal and social equilibrium, Sally is forced 
through a chain of unhappy and unfortunate experiences with sanitoria, 
hospitals, and nursing homes, which are graphically portrayed, and which are 
terminated, according to the account, only with the treatment by a psychoanalyst 
to whom her final recovery is gratefully ascribed. 

There appears from time to time a slight tendency toward projection mechan- 
isms on the part of the writers, who, as laymen, also do not seem to distinguish 
clearly between the province of the neurologist and that of the psychiatrist, nor to 
recognize that psychoanalysis, however useful it may prove, has likewise ita 
definite limitations. It is possible that this carefully detailed account of unfruitful 
medical contacts may, through hasty generalisation by the suggestible reader, 
prejudice him against seeking necessa-y medical aid, perhaps much to his own 
disadvantage. On the other hand it should prove a tremendous stimulus to 
critical self-analysis of motive and aschisvement on the part of earnest and sincere 
physicians. 

New York City HAROLD A. PATTERSON 


Our New Progress. By J. B. CLanx. New York, G. P. Putnam's Sons, 1930. 
Pp. 128. 

This is not a scientific book. It is a theoretical consideration of what real 
wealth is, and devotes especial attention to fallacies and dangers connected with 
charity in its various aspects. Transmission of acquired characters is naively as- 
sumed and consciousness is regarded as a causal factor. J.P. 
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The First Year of Life. By Caii rim Bturze, and others. Teanilated’ by l 
Pearl Greenberg and Rowena Ripin, with prefacó by translators. New York, oun: l 


Day, 1930.: Pp. x, 281. 


Part I appeared originally as Bühler zd Hetszer's Inventar der Verhaliungs- ; 
weisen der ersten Lebensjahres. Part Ii is Hetzer and Wolf's Babytests and Hetser- - 
and Koller’s Eine T'estreihe fur des zweite Lehensjahr, with directions for giving the 


. tests, method of scoring, and validity. Part I is a description of the continuous . 


observation over a period of two months o^ the activities of 69 infants under one 


` year of age, in an institution for children in Vienna. Sixty percent were institution 


children and 40% were observed in their hcmes or were brought to the institution 
by the mother. The observations were made under normal conditions, the setting . 
uncontrolled in every way, the observer noting every ohange in the child's bè- ~’ 
havior. The author admits that she and her assistant soon came to the limit of 
language to represent all movements and vocalization. They then made use of a 
finer method of notation, but unfortunately do rot reveal ita nature. The aim was 
to.obtain a composite picture of normal behavior —uninitiated by any artificial 
stimuli—a picture to serve as a standard for average development. We are told. 


^ ‘nothing, however, of the amount of handling each child received, how many in-' 


dividuals came in contact with him, and so:on. The author regards experiments | 
which utilize artificial stimuli as lacking in scientific value and therefore found it 


. unnecessary to make any attempt to evaluate qualitatively or quantitatively the - 


stimulating conditions surrounding her subjects. In reading the book we must 
distinguish between what the child does under a so-called normal environment and’ 
what he is capable of doing under given stimulus conditions. For example, the 
author finds that the infant makes no movements of defense until the fourth 
month., Yet it is well known that under certain conditions the infant as early as 
two weeks makes definite codrdinated movements of defense. An adequate pic- 
ture of normal development should inelude not only what a child does in a re- 
stricted environment but also what he is capable of in response to the varied stimuli 
he must more and more be prepared to meet as ha develops. Following Part I is an 
appendix containing a schedule of infant behavior, month by month. The in- 


-ventory lists the observable behavior of the child st a given age, with amplifying 


descriptions. The interpretative element is prominent throughout, names such as 


Fright,’ ‘Joy,’ and 'ill-humor' beirg given to groups of reactions made in response 


to stimuli known to the observer. The bock is an excellent example of the diary 
methad, valuable to those interested in a description of infant behavior. : 
Chicago, Illinois l IRENE Casm SHERMAN 


_ The American Road to Culture. By Gxonax 8. Counts. New York, The John 
Day Co., 1930. Pp. xiii, 194." 
Ccntending that the-American road to culture i is none dier than the American 


' edueaiional ladder, Counts here gives us & running critique of our entire ape 


tional system. His treatment closely approximates his objective of looking “a 
America through the eyes of a foreign observer”; it is admirably cee BE 
fair, and happily free from any trece of cheap superficiality. 

' DePauw University Srsrpen M. Corey 
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AN EXPERIMENTAL INQUIRY INTO THE EXISTENCE 
AND NATURE OF 'INSIGHT' 


. By Many EnuzaAsETH BULBROOK, Cornell University 


. It was inevitable that the recent occupation with ‘learning’ 
should presently lead backward toward the consideration of & rapid, 
effective and ‘intuitional’ form of operation. ‘Backward’ because 


' » that had long been a favorite conception of learning, but a conception 


displaced by the simpler and more manageable forms of the reflex, 
automatic, psychomotor and idegtional varieties which set the exper- 
iments of a generation ago. At that time the scientific standards 
coming into psychology placed a high value upon simple and mechan- 
ical concepts and procedures. Sensory processes, simple and direct 
associations,-and the -blundering advances of ‘trial-and-error’ were 
the popular terms in laboratory studies upon learning in man and 
in other animals. It was only & matter of time when the limits of 
these simpler categories of description and explanation should he’ 
discovered and when ‘higher’ processes and modes should be again 
invoked. Moreover, the recent oceupation with the organism, in 
biology and psychology, as against the analytical inspection of parts, 
details, and elementary funetions, has aleo contributed to this 
tendency in the study of learning. Organismal factors, Gestalten, the 
primacy of the general pattern, the influence upon development of 
the total-body, and the general directiveness of life, have all been 
facts of this same order tending away from the older and simpler 
mechanisms. It was natural that ‘insight,’ ‘forecast,’ ‘purpose,’ and 
even ‘intuition’ should have been rescued from the commoner and 


s for rnc ug May 1, 1931. From the ie are pa Laboratory 
of Corn University. The research was directed by Pro Bentley. 
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less orecise employment of them as dictionary terms and turned to 
psychological account. 

To psychologists familiar with current and recent discussions, it 
will be unnecessary to dwell upon tke revival in periodical and text- 
book of the term ‘insight’ and to point out the variety of meaning 
and the resulting ambiguity in its use.! Some of these meanings are 
perceptive apprehension, acute observation, understanding, foresight 

and forethought, rapid learning, an intuitive flash, sudden grasp or - 
^ illumination, intelligence, sophistica-ed skill, dog zed relations, the 
felt basis of an attitude, experienced determination, a new perception 
of a goal, and a new configuration. 

Now there are obvious difficulties in approaching by experiment 
a topic so uncertain and so variously shaded by theory and point 
of view. All we have tried to do in this study is to submit to experi- 
mental conditions various situations which have been commonly 
alleged to exhibit experiences and performances characterized by 
‘insight.’ Here it has been our hope that the appearance of a common 
process, function, or accomplishment might help us to an under- 
standing of this elusive charaeteristie. In anticipation of our results 
we may provisionally say that no such common and unique operation 
of the animal organism has emerged from our quest. Nevertheless, 
the experiments have thrown considerable light upon a class of per- 
formances just now under close scrutiny from many sides. 


THE EXPERIMENTS 


Most laboratory studies of ‘insight’ have been of the problem- 
solving and maze-running kinds and have made use of children, 
other primates, and white rats. In order to add the very important 
experimental control which is to be derived from the report of the 
" observer himself, we have used human adults, both individuals 
trained in psychological reporting and individuals untrained. For 
both sorts we have added the device of technical instruction in order 
to obtain the actual conditions (commonly leit—even in experimental 
settings—to inference or to speculation) under which the organism 
is thrown into functional commission. It would seem now to be of 
less importance to infer insight from behavior (‘insight’ taken, e.g., 
in one of the above senses) than £o cbtain a descriptive account of the 


‘Only here and there has a critical voice been raised. Examples are G. S. 
, The concept and criteria cf insight, Psychol. Rev., 38, 1931, 242-2 
and £. C. ' Fisher, A critique of insight ir Kéhler’s ‘Gestalt 1 holos 
Jounmar, 43, 1931, 131-136. 
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actual nod of organie pee sane where insight has already been 
alleged. 

. We have taken individual observations and also, in the light of 
results thus derived, have secured observations from small assembled 
groups. We consider the problems in order, setting down the indi- 
vidual-results first, then the group-results. 

Thirteen problems, presently to be given in a natural sequence, 
were placed before each of 7 Os. Five of these Os were trained in 
psychological observation. The other two were without technical 
 iraining.? For the group-presentations, 110 students were used in 
congregates of 5-8 from an undergraduate course in general psychol- 
ogy. In order to prevent troublesome influences from successive 
presentations, the following temporal order was adopted: Problems 
I, 5, 6, 7, 3, 12, 2, 4, 10, 9, 8, 11, r3. The groups worked through 
only certain problems. 

Procedure. For the individual Os, the formal instructions* were 
placed on a large blank sheet of paper which lay on a table imme- 
diately before the O. The table was in a corner with blank walls in 
front and to the right, while on 0’s left sat the experimenter. Upon 
the table were usually scattered various objects, some having little 
or no relation to the problem, others supplying means for various 
solutions. The arrangement cf these objects remained fixed through- 
out the experiment. 

So far as possible, these arrangements were preserved in the 
group-presentation. Some changes were necessary. For the groups 
a large rectangular table was equipped with a single set of the same 
objects in a similar haphazard arrangement. No less than five and 
no more than eight Os at a time were seated on three sides, while 
the fourth was reserved for E. A pencil and mimeographed copies 
of certain instructions and all questions concerning procedure were 


*Observers. ‘The ua Os were Dr. 8. Feldman (Fe), Dr. G. Jenkins 
ee B. MacLeod (Mc), members of the staff; E. H. Kemp ( i A D. Glan- 
ee eee studenta in Psychology. The untrained Os were H. A. Myers 
aa) a d K. M. CMS (St), graduate students in Philosophy and Physics 
respectively. C. M tae (Wi), and R. G. Fisher (Fi) were occasional observers. 

JFor the group-presentations, 110 observers from the undergraduate classes 
in Psychology volunteered. This number observed in all problems presented 
to the ra Ege ro roblems 5, 6, E IO, which had 63, 50, &nd 64 observers 
respective e experimental period of each group was limited, it was 
found Mss HS ies alternate problem 5 with problems 6 and ro. 

‘For the three main forms of instruction (formal, occasional and self) see O. F. 
Weber and M. Bentley, The relation o: instruction to the ig rr functions, 
Mi pes n ; 35, 1926 (no. 163), 1-15; M. Bentley, Field of Psychology, 
1924, 359-39 
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placed face downward before each O, to be turned over and read at 
a signal from E. Other instructions were orally given. All questions 
' were to be answered ‘yes’ or ‘no’ except the last one of each set. 
Emphasis was placed on the fact that the experiment was not an 
intelligence fest of any kind or & competitive trial of capacity. The 
grouped Os were directed noi to handle the experimental objects. 

At times during the experiment, however, it was found necessary 
to assure the grouped Os that a solution was possible, and this assur- 
ance sometimes evoked a self-instruction that ‘I am being compared 
with others and must make a good showing.’ These by-products of 
socialization—while they must never be assumed—must always be 
looked for in group-operations. They frequently determine output 
and function in the solo experiment as well. Only careful report will 
turn them up and estimate their influence. As antecedents and 
determinants of function they can never ke behavioristically inferred 
from mere physical proximity and isolation. ` 

Problem 1. This problem turned on. the significant use of mate- 
rials which might suggest some form of ‘insight.’ A string of beads 
was placed directly before O. It consisted of two small white ‘pearl’ 
beads alternating with one larger yellow glass bead, except for the 
middle portion of the string where five white beads separated the 
` yellow. The bore of the white beads was too small to admit of 
stringing except by a single thread with a moistened and rolled end. 
The needles supplied were too large. 

(a) Individual Os. ‘Two sets of instructions were made, the 
second for presentation in case an O failed to obtain the solution 
under the first. 

I rm 1: Makea e eA weenie pattern without a 


Instruction 8: Mako a single regula-ly repeated pattern without either 
paneer or the beads, anc. Nithodk knotting or b the 
thread. Use any of the means aupplied an the table. Proceed aloud. 


. Due to the emphasis of the first set of instructions, attention was primarily 

. eentered on the experimental object. Each C first sought to get the instruction 

clear and then carefully examine the beads in order to understand fully the con- 

ditions and limits of the situation. Twisting the threads together by some means 

or other and sliding the beads across was one of the most obvious solutions sug- 

gested. It never worked, of course; and the O soon realized that instructions 
stood against it. The superfluous beads coulc not be unstrung. 

Four Os (Fe, Si, My, and Gl) went through a process of elimination to arrive 

at the solution. Fe solved by a congideratior of various means of eliminating 

the irregularity, "I see nothing to do but twist the threads together. If they ' 
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would hold together, the beads could be slipped over." He picked up the beeswax. 
‘Tt won't do." He picked up the glue. “No, no. That won’t do. It is woo 
sticky.” He picked up the needle and sought to use it but found that the white 
beads would not go over it. From the first the various articles and tools available 
entered into the situation for this O as having posable significance. Now he 
picked up the saw from among the destructive instruments and laughed at using 
it. But after he had considered all the ways that the superfluous white beads 
could be eliminated, he suddenly askec, “Can you break the beads? That is the 
only way of getting them off that I can see," and he picked up the pliers and 
broke one of them. “Breaking was a last resort. I had tried everything else. I 
could think of nothing else until that occurred to me as possible.” 

For My, St, and Gi the elimination took place without reference to the ob- 
jects on the table but from the cond:tions imposed by the instructions and limita- 
tions presented by the object itself. '"The beads had to be removed. Since all the 
natural ways were prohibited, that was the only one left. I tried first to crush 
them with the fingers but they were too hard. I thought of biting them but that 
was bad. I looked around and saw the tools and I took the pliers and broke 
them” (GI). It is obvious here that tne instruments played a minor part in the 
solution. They merely furnished excellent, because stronger, substitutes for 
hands and teeth. The O was set for an instrument to break or crush when he 
looked at the various materials on the table. “If you cannot move any head 
over another bead, you cannot possibly change their relative positions on the 
string, and they are an uneven number, so they cannot be distributed so as to 
make a regular pattern. Can the thread be passed through any bead twice? 
But that would be hard to do. Are you allowed to break the beads?" (S1). He 
then counted the beads and said, “That would do. Why I thought of breaking 
the beads, I do not know. I just did. It was the only way of doing it." Here , 
again it was only after the correct method of solution was obtained that the 
instrument for its accomplishment was sought. 

My, proceeding step by step, commented clearly and Isidis: '"Two-one, 
two-one is the pattern. There are five extra white beads. If those five were out, 
it would be a regular pattern. One might make one by distributing the white 
beads. How can they be distributed? There are five white beads and twenty-one 
large ones, therefore they cannot ke evenly distributed. The directions say not 
to unstring or restring, etc.; but those beads cannot be distributed without 
breaking or knotting the thread. I can try arranging the beads on the peper. 
Thus far I have been thinking of the pattern on a straight line. I can make a 
circle or a figure like this, but that won’t succeed. Is it permissible to break the 
beads? The instruction does not gay anything about not breaking the beads. I 
can do that. . . . That was the only possible solution because, even if you could 
break the thread or did break the string, you could not make a regular pattern 
utilizing the beads." 

No reference in these two cases was made to the instruments lying on the 
table. They were as completely extraneous to the solution of the problem as if 
they were not there. But in the actual breaking the O invariably surveyed the 
outlay and seized the pliers for the purpose. That this instrument easily became 
a destructive crusher in this situstion is not surprising, when one considers its 
manifold uses in constructive building where it is often used to break or bend. 
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"Three Os (Wi, Je, and‘Mc) failed to reach the solution. It never occurred to 
Je and Wi that the integrity of the beeds could be destroyed in any way. The 
beads were to be removed or redistributed as beads. They never gct beyond this 
assumption, and this assumption was never formally recognised. That all Os 
. Were inhibited in some measure—although not go completely as with Je and Wi— 
against destruction as a means of solution ie obvious from the fac: that after. a 
consideration of many possible methods of removing or redistributing the intact 
beads, the O either declared it to be impossitle or-asked if it was not so. At this 
point he was invariably assured either that “it was nct impossible" or that “the 
irregularity could be eliminated.” This is a clear instance where the occasion 
(occasional instruction) stands directly against the carrying out of a formal 
instruction. 

'The most interesting case of inhibited action was that of Mc who failed to 
reach s solution under either instruction. Under the first instruction attention 
was focussed, as in other cases mentioned, on the beads and the limitations im- 
posed by the conditions of the instruction. After varicus suggestions in attempt- 
ing to make a uniform pattern, and after having been told that such a thing was 
possible, he “does not see how it can be dons.” Under the seconc instruction, 
he picked up the saw, “May I use this?" Then he picked up the thread, “This 
is the only thing that might do." He took up the objects one by one, remarking 
each time ‘That won't do" or “This does not seem to be applicable”; but, except 
for the saw, he never considered the destructive instruments at all. "'I'm still 
utterly baffled by the situation. I see only one way of making it a pattern and 
that is barred by the instructions." 

That Me noticed the instruments was evidenced by his handling the saw; but 
that they were recognized only in their usual contexts and not in any unusual 
relation to a delicate string of beads was apparent from his behavior as well as 
from the above account. This is the opposite of what occurred in the case of Ke. 
The mere presence of the instrument within visual range caused him, intent on 
some means of removing the superfluous beads, to give consideration to any 
possible relation it might have to the problem in hand. After examining the string 
and tryirg to run another string through the beads with the needle and thread 
on the table, and after the assurance that the solution was possible, he leaned 
back, looxed at the table, and said, “I might break the beads and take them out. 

. The beads could not be moved according to the instructions. The large ones 
could not be slipped over the amall ones. I saw a pair of pliers over bere and saw 
the string of beads over here that could not be moved off. I just re-read the in- 
structions and broke them." The instrument [or Ke, as for Fe, entered into the 
situation from the first; but for Fe ‘breaking’ suggested the instrument while for 


Ke the instrument suggested ‘breaking’. 


Results. Acting under occasional and self-instructions and 
antieipatively apprehending the results O eliminated one plan after 
another until the solution either was reached or was blocked by an 
interfering occasional instruction or by the failure of comment and 
imaginative apprehension. The elimina“ion of possibilities may take 
place either with respect to suitability of means or instruments or 
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with respect to procedure permitted within the limitations imposed 
by experimental object and formal instruction. 

For the O there is always a plan or method of approach. When 
his approaches all fail him, he v2ases to try and desires to terminate 
the experimental period. He never continues, trying at random, in 
expectation that the solution will simply occur. He always applies 
a definite method and this method is a contribution of his own under 
self-instruction. He does not wait for sudden appearance of the 
solution. He does something that definitely brings about, or causes, 
or creates that solution. Thera is always an accompaniment of 
pleased pride in, and approval of, himself with the accomplishment 
of the solution. In failure there is frustration combined with impa- 
tience and disappointment with himself. 

Inability to see an ordinary object in an extraordinary context 
and a predisposition to respect the integrity of property constituted 
frustrating moments. 

(b) Group Os. The instruction was the same as Instruction 1 
above, except for the direction "Proceed aloud" which was omitted. 
The time allotted was 10 minutes. Then the following questions 
were answered. (The replies are given in percentages.) 


Yes | No 

I. Did you look over the table >o aee what you could use? 14 86 
2. Did you consider the string af beads only and what the in- 

structions did and did not ellow you to do to it? 93 7 
3. Did you solve it? 25 75 
4. Did you rearrange the beads to form a different kind of 

pattern? 42 38 
5. Did you break the beads (imeginatively)? 25 75 
6. Did you think of breaking the beads first and then look for 

the proper instrument? 12 B8 " 
7. Did the instrument make you think of breaking the beads? 3 97 
8. Comment further upon your p-ocedure, telling any way you 


went about eliminating the extra beads that is left out in 
the questions. 

Since a quarter of the group (Question 5) reached the ‘breaking’ 
solution and only 15% of them (Q. 6 and 7) considered the instru- 
ments, it is obvious that a tenth of them who thus solved did not 
regard the instrumental means. But then, they were not actually 
called to smash as the individual Os were. This is an interesting 
difference in solution, which is also supported by Questions 1 and 2 
(concentration on the beads). Answers to the last question indicate 
that practically all the methods employed toward solving by this 
large number were also employed by the smaller number of individual 
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Os.. Pattern arrangement, bead counting, and the consequent deduc- 
tion that redistribution was impossible were means suggested. 


In a few cases the solution came immediately. Those who suggested breaking 
the beads report ‘substantially as follows:.“‘The instruments had nothing to do 
with it either before or after petting the solution. I took it for granted that the 
tools on the table were for another experiment." “T thought of breaking them 
with my teeth or the eversharp in my' pocket.” “I never thought of the instru- 
ments on the table. When I saw the table, it seemed more like a class in vegetable 
gardening than an experimen;"—another good example of apprehension of an 
object only in its usual contexs. 

Some, after making several tentative and ineffective suggestions, concluded 
the-solution impossible. Most of them, however, failed to get beyond & stage of 
search or of comment-and-insrection i in the time allotted. 


These results substantiate those from the individual Os. Inhibited 
solutions are more plentiful, due, perhaps, to the small amount of 
' time; but the initial steps of the solving process—apprehension, 


inspection-and-comment, search for method, and procedure under _ 


self-instruction until that instruction is perceived as inapplicable, 
re-apprehension and search for another method—are typical here also. 

Problem 2. This problem was intended as a parallel to the fore- 
going. Small white wooden beads were obtained, and some of them 
were stained black with India ink. They were then strung with the 
white, the pattern alternazing one. white with one black, one white 
with one black, except towerd the center where eight whites separated 
blacks. The solution lay in converting the ink in the bottle on the 
table to the uses of a dye No O questioned how the black Seer 
were colored but accepted ;hem as son 


a stg 1. Make a single ly repeated pattern without either 
reaking the 


unstringing or restringing the Sos knotting or b 
thread, and without etr UE ine beads. Proceed aloud. 

Instruction 8 $. ake a e re EY does uas pattern without ird 
unsiringing o P nunc thout kno or breaking the 
thread, and without du dne the pads Use any of means a 
on-the table. Proceed aloud. 


If the O failed to solve uncer the first set of instructions, the second was 
presentec. . 

The solution involved the uce of a medium in unusual contextual Pisano 
In some cases it was obtained mcre easily than in the preceding bead-experiment. 
The O was memorially instructed from cues gained there. “TI got the solution of 
the present string from a cue from tke other beads. As soon as I got away from 
the rearrangement of the beads on the thread, it waa easy to think of doing other 
things" (Mc). "I am looking fcr possible interpretations of your instructions" 
(My). 

Je, My, Gi, aad Me, as in the preceding: experiment, set about seeking the 
solution, not from a consideration of the whole experimental situation, but from 


^ 
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the conditions imposed by the instruction and the experimental object itself. 
Search for a way of attack, accompanied by a careful inspection and comment 
upon the situation, was characteristic of the procedure. Si, for example, asked 
about the instructions to make sure he had them accurately and picked up the 
string and examined it. “There is no catch on the string." He examined che 
siring and beads again carefully. “One thing is obvious; if there are more white 
than black beads, you must either ge; rid of some white ones.or else get some black 
ones. There are no black ones. Is this string symmetrically arranged with re- 
gard to the center ones? No, it isn't." He read over the instructions again. 
‘For all purposes this is a closed circle and no bead can be moved over another 
nor can they be broken. Is it unsolvable?’ When answered negatively he said: 
* Well, something must be done to the white beads." 

Where the solution was reached, the O invariably arrived at it through a con- 
sideration of painting the beads. “I did not notice the ink on the table, but I 
named ink instead of dye or paint because I had had more experience with ink 
than with either of the other two" (Hc). ‘How about some paint or something? 
Some black ink if there is any available,” he picked up the ink bottle, “Or, better 
still, the black ink from my fountain pen" (Si) “I thought of paint first but 
then I thought of ink because you would be more Hable to have it around" (My). 
Here again the method of solution was obtained before the exact medium for its 
accomplishment. Since the O searcked for something he could use in following 
out his solution, ink easily became, under these circumstances, a dye in spite of 
the penstaff lying alongside the bottle. 

As before, Fe and Ke derived the solution from the whole experimental situa- 
tion, taking into account every article on the table and its possible relation to the 
problemin hand. Keran his eyes repidly around the table a few times inspecting 
and commenting upon all the objects on it. “Suppose I run another string through 
and pull this one out. . . . But I guess that is unstringing and restringing. Oh 
well, I ean paint them black," and he seized the ink bottle to do so. Fe followed 
much the same procedure, glancing all around the table and then reaching for 
the ink bottle. Here there was a very definite instruction resulting from the 
solution in the former experiment. 

Gl and Je failed to solve the problem, the case of Je exactly paralleling that 
of Mc in the former experiment under both instructions. Gl, however, solved it 
under the second instruction, “Tt said, ‘use any of the means on the table.’ I had 
tried all the arrangements of the beads before and they would not work. I 
thought there might be some chemical here that you could put on them to change 
the color. I looked around and saw the ink bottle ard thought, ‘Aha, that 
will do it.’ " 


Results. Here each O follewed the same general procedure as in 
the preceding experiment. If he had limited himself before to a con- 
sideration of the experimental object and the conditions of the in- 
structions, he did so in this case; but if he had taken the instrumental 
approach in the first, he follawed it now. Only one exception oc- 
curred. The change from the first instruction to the second in the 
case of Gl induced a change in the set toward the problem. 
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In some cases Os took cues from tke former problem. Practically 
all of the inspection of the experimental object and weighing of the 
instructions were absent here from those who approached the solution 
by an instrumental elimination. Self-instructed, the O looked 
around the table, immediataly questioning the suitability of the 
various objects. Cues were of aid, too, in the other approach, where 
: the O paid more careful attention to possible implications in the 
instructions, and where he took account of and guarded against any 
inhibiting moments similar to those in the former problem. 

But in other eases helpful cues were not carried over. 'The O 
was as strongly inhibited here as before by his custom of seeing a 
thing in a useful context from apprehending it in another and a 
newer one. In one case (Je) the cue from the previous problem gave . 
him a set toward destruction as the means of obtaining a single 
uniform pattern, a set that was useless in the solution. Even under 
' the new instructions, this set was carried over. S 

'The same elimination of one self-instructed plan after another, 
the same methodical procedure of search accompanied by inspection- 
and-comment to the formulation of the self-instruction, and, when 
no other plan could be made, the refusal to continue planless charac- 
terized this problem as definitely as tke first. 


Problem 8. A cork in s large bottle with a very narrow tod 
was presented to O. 


Instruction. Remove the cork from the bottle without destroying either 
the cork or the bottle. ` 


. The situation here differed from the first two in having the sclution by in- 
strumental means suggested. A large corkscrew, the usual means of removing & 
cork from a bottle, lay among the tools, which also included a small flexible wire. 
While this suggested the use of an instrument, however, it was always that 
particular instrument. Only one O analysed the situation to the extent of not 
applying the corkscrew first. My sought to gain a thorough comprehension of all 
the conditions inherent in the experimental cbject. Inspecting and commenting 
minutely upon the cork and bottle, suggesting one means after another without 
reference to the tools, he finally remarked with characteristic acumen, “Judging 
by the appearance of the cork, I believe mechanical means have been used on this 
before," and seized the wire, knottad an end which was too small, made a larger 
knot, caught the cork on it, and paka it out. Ke picked up the wire first but 
threw it down without trying it, “L must try the corkscrew.” 

All the other Os, after trying the corkscrew, made a loop of either the wire or 
the thread, caught the cork at the right angle, and with and without the aid of the 
corkscrew, pulled the cork out. Here as before a means is emploved effectively 
out of its usual context. No O failed in this solution for various reasons; first, 
because corks inside bottles are a common occurrence, and, secondly, the experi- 
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mental set-up favored the correct solution. When sharp point and corkscrew 
were not successful, the O invariably seized upon the wire. 
. Results. When the occasion suggested the correct direction in 
which solution was brought about, there was a tendency on the part 
of the Os to go in that direction. In most eases, however, the more 
obvious suggestive factor, the corkscrew, inhibited a consideration of 
less obvious but equally suggestive factors (e.g., those considered 
by My) until failure brought about a further investigation of the 
experimental situation with another consequent plan of procedure. 

The same inspection-and-comment, the same search with an eye 
to possible ways of procedure, the same methodical self-instructed 
plan of procedure and elimination through failure or inapplicability 
characterized this problem as the others. 

Problem 4. This problem consisted of a series of seven cards 
presented in order bearing seven different arrangements of the line- 
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elements of the letter R lying on its side, but the last arrangement 
comprising the R as it is ordinarily presented except for its sidewise 
position (Fig. 1). The principle of this series was suggested by 
problems in the classification of & new species or variety in taxonomic 
zoology or botany. The aim was to lead the O through a number 
of steps containing very familiar elements in more or less strange 
relations to each other to these same elements in their familiar 
relations, Experimental interest was centered on how soon the O 
saw the familiar relation, and, after seeing it, commented upon the 
whole series. 
Instruction. Identify each member of the series presented to you. 

The element of search was quite apparent in most of these observations. “I 

keep wondering, ‘What do you want?’ " ( Ke). “ I can name the lines. It seems 
as if it ought to represent something more definite than that" (GI). “Nothing 
like sea-lions, isit? Is ita joke or anything of that nature? I try to see something 
there, but I am not sure of it. It is not supposed to be an ideograph, is it? Is it 
supposed to be something you can see?” (St). 

One thing after another was named by the Os as a possible identification; al- 
though in practically all of their observations there was an element of uncertainty 
concerning the object with which it was identified. “It looks like the other 
figures. It might be two or three objects like tombstones, etc., except for faults" 
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( Ke). “Tt looks like a P on the side with a long vertical part. What the little 
oblique line is bothers me. It is also a stream of water in a tile" (GI). "It is a 
railroad track going into & tunnel. I cannot make out the slanting line” (My). 
“It is a mouse that is only partly there. The tail and head are missing” (Ss). 

In every case but one the O sought to give a meaning, though often very un- 
satisfactory, to the figure—to maxe it a symbol fitting in with known and recog- 
nizable phenomena. Only in the excepted zase (Mc) very little effort was made 
to name the figure as some famil ar object. In this case the object was too un- 
certain, too unsatisfactory.. He camments: “It does not look like anything to me. 
It looks like a tunnel, a road here, and a soldier." “That is nothing at all." 
“Nor that. It requires an awful strain to get the soldier and tunnel." 

There was a strong tendency oa the part of many of the Os to analyze the lines 
before naming the object with whih they might be identified. “Tt is just a curved 
line, and a straight one, and a short one" ( Ke). “One is a straight horizontal line, 
the other & curved one, and the ozher oblique. . . . It is again like the other one 
but this time there is a short horizontal lire, with the curved and oblique lines 
above it” (GD. “I cannot make out the slanting line. The horizontal line is 
longer” (M y). “Itis a poorly drawn semicrele. It is like the first thing except 
the curve is longer and the little eblique line higher" (Fe). In general, these Os, 
who saw the figure as a group of limes first, tended to make the letter identification 
long before presentation of the last card; although this identification Y for the 
most part, as uncertain as the obiect identifications. 

Fe, Gl, St, and My suggested a letter early in the presentation. The first 
figure for Fe is “a sort of P lying on its side with a long stroke," and the second is 
“Tike the first except the curve ia larger and the little oblique line higher. It 
suggests an incomplete R.” For this second one also Gi commented “Tf I look 
at it sidewise, it suggests an R w-th part o? it missing.” For the fourth, “The 
curve and the horizontal line suggesta an incomplete D," but for the sixth he 
said, “It looks like an uncompleted R. When I take them (the lines) as water 
in & tile, the oblique line does not fit. When an R, it does fit." St, in the midst 
of positing several objects which -he linea might represent, said, concerning the 
third figure, “Tf I turn it around, — can meke an R out of it but I guess I’m sup- 
posed to keep it upright.” He was self-instructed here to avoid the unusual in 
position. On the fifth figure My rommented, “The line is longer, the funnel is 
smaller. It looks like the letter E. I turned my head sidewise and looked at it 
like thet. Once before it looked 1 ke the letter R rather remotely," and, on the 
sixth, “It still looks like the letter R." 

For Ke,.Mc, and Je the letter appeared only on the presentation of the last 
figure. Failure to suggest an R eerlier was escribed primarily to the set. "Tt is 
an R—a letter. The elements were so scattered in the others that that must be 
why I never got it before. I never thought of a letter” (Ke). He picked up the 
cards and went through them: “It 5 easy to se them all as Ra now." ‘The whole 
series is composed of various distortions of the R turned sidewise. I was set for a 
picture. I did not expect anythirg tipped over” (Mc), and for Je the set was 
strong enough to cause him to ccntinue the pictorial identification to the last 
figure, '"T'he first flash is a rabbit, the semicroular thing representing an ear. I 
just decided this when I got a very brilliant flash with an incipient shrug of the 
shoulders, ‘Why, of course, that is the lettar R.” There never was.in any of the: 
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earlier figures any suggestion of a letter. I have some suspicion that either the 
card tipped as you put it down, or my head did. You can see that the same motif 
was carried out throughout” (Je). ` 

Care was taken on the part of E to prevent tipping the card. This “kin- 
aesthetic pull toward the left," “tipping or turning the head gidewise'' was men- 
tioned frequently in the commentary, not only for a letter, but for objects in 
motion. “There is a kingesthetio pull in the shouldérs toward the left. I havea 
visual apprehension of the long angular line travelling toward the left" (Je). 

From the final reporta of the various Os it was obvious that every member of 
the series had taken on the characteristic significance of the R symbol. Tae 
purpose of every member now was to represent that letter. “We have our R this 
time. It is.a tied image R, too. The R stands out immediately. There was 20 
regular development in the R, but I can see now that that was what it was all 
along" (Gl) “There is the same general character to the whole series. All of 
them represent an R quite well, although each of them taken individually could 
have represented any of the other things equally well. But you can see now that 
it could not have been anything but an R” (St). My, who was sure of the letter 
on the fifth figure, reported, “I think I noticed the R on the third one. There 
was not a close enough resemblance. I thought I would see a few more before I 
committed myself." 

For the most part, the same generel elements were noted from presentation 
to presentation, but their direction was undetermined. That ''one figure is like 
the preceding one" or that "there is a certain similarity among them all" was re- 
ported time and again; but the significance was never fully determined, except 
in the cage of Afy, until the last and most familiar relationship was presented. 


Results. The reports from this problem display every stage of 
advance toward identification frcm an almost pure perceptive level, 
accompanied by the vaguest and most indefinite kind of puzzled 
search, in some cases, to a more concrete, though tentative, symboli- 
zation for some familiarly recognized object or objects, in others. 

À uniformity among differences was one of the first general condi- 
tions noted, but an uncertainty of iis significance accompanied the 
comment of every observer but one until the last member in the 
series was presented. Then the significance became certain either 
immediately or secondarily, depending upon the: set of the O. After 
once knowing the correct symbol, a recognition of its appropriateness 
in comparison with any other identification occurred. This revalua- 
tion of the whole series in the light of the last member was character- 
istie of every O. 

By a process of finding the most appropriate identification-object, 
an object which fitted in best with the recognized uniformity, two 
Os named the correct letter midway in the series, the later presenta- 
tions merely serving to confirm the conjecture. 
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The disposition on the part of the Os to verticality, to appre- 
hending objects in their customary positions, was an inhibiting ` 
moment in the identification of the lines as g letter. So also was the 
predisposition to regard the lines as a picture of something. 

Those Os who inspected the members as lines first tended to name . 
letters ag well a8 objects for identification early in the presentation. 
Ke was the only exception to this. 

Problem 5. This problern was intended to demonstrate a solving 
procedure combining ‘trial and error’ with ‘insight’ (= ‘foresight 
and forethought’ or ‘new configuration’?). A set of papers, each ` 
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sheet bearing Fig. 2 (but wanting the dotted diagonal at the centre) 
was presented to O, who was supplied with a red pencil for clear 
retracing of the lines. Gaps at certain junctions were left to dis- 
courage retracing. A clear disjunction of the inscribed figure from 
the surrounding rectangle wes hinted at in the drawing. 

I RUN Here are two figures. Trace continuously (without re- 
tracing) ev line of both. Use just as small a number of copies as you 
can. be penalized for every wrongly tr&ced set. Comment aloud. 
(a) Individual Os. Here as elsewhere conditions were considered . 

and no random stumbling trials were made. 

Search for the best way of attacking the figure, and inspection of and com- 
ment upon its salient characteristies with reference to the most advisable way of 
beginning marked the procedure. The Os had concerted plans before placing pen- 
cil on the figure. “TI looked to see how ths zwo could be traced independently. 
I saw that the square could be gone around simply enough. So cauld the other 
figure" ( Ke). “I did it mostly by means of sye-movements. The solution came 
practically immediately” (Mc). 
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Some Os traced the figure first by moving the eyes over it. Others traced it 
in the air with the pencil held above the figure. Most of them began the actual 
tracing on the inside figure; but Gl and Wi began at points on the outside square. 
The beginning points were based on occasional instruction plus inspection-and- 
comment. “TI saw that I must begin at a point here and I saw that, since the 
figure ia symmetrical, it made no particular difference which of the like points I 
did begin on" (St). “The outside figure must be begun at a point on the inside 
one" (GI). “The first glance revealed that a gap would have to be left in the 
corner of the square which would have to be done at the end. Then the inside 
figure could be drawn immediately" (Wi). 

After reading the instructions, one C had difficulty in seeing the two figures. 
“At first the gaps and the two-figure idea bothered me. I saw it first as a square 
and an octagon with other line-Rgures" (Mc). “I am looking to find the two 
figures" (Si). In general the O began by seeking to understand the instructions 
fully in order not to miss any condition which might be of significance in the 
given problem. 

Results. After a mastery of the instructions and after inspecting 
and commenting upon the experimental object, the O approached 
the solution by a method of action under self-instruction and percep- 
tion of its results, that is, of starting from some plausible point and 
proceeding until balked by an unforeseen condition. Thereupon 
another point was chosen and the same procedure continued, always, 
however, with this condition taken into account. This method was 
followed until the solution was reached. ` 

Owing to the threat of penalization, the figure was concretely 
traced only after the solution was obtained. 

(b) Group Os. The same figure under the same instruction, 
but without the direction “Comment aloud," was presented to the | 
group. Five minutes was allotted for actual tracing. 


n Yes No 
Did you & ein the two opus as 2 square and the figure con- 


tained in the square 92 8 
2. Did you begin to trace the figures immediately? I4 86 
3. Did the threat o pond in the instructions keep you 
from immediately tracing the fizure? 44. 56 
4. Did you look it over before you began to trace it to see first 
how it should be done? 89 II 
5. Did you hold your pencil in the air while you went over it? 56 44 
6. D you begin on a corner of the :nside figure? 52 48 
c? ou begin on the outer corner of the inside figure in 
to get Ton it to the square? 49 5I 
8. Did you begin on the square? 52 48 
9. Did you on the square at & point where the inside 
figure touched it so that when ycu had finished the square, 
you could get inside? 41 59 


Du] 
e 


lf you used more than one copy, did you decide to quit this 
one because you could get no further and would have 
to start over again in a different place? 2 
When you began to trace, did you y so deliberately? 87 13 


b 
~ 
* 


1 


424 | BULBROOK 


12. Were you looking ahead to see whera your movements were 
you? . 83 I7 
13. Did you trace it swiftly? 21 79 
I4. Had you already determined the ccrrect procedure so that 
` you could trace it swiftly? 17 83 
15. Comment further upon the whole o* your Dome filling 
questiors. 


in details omitted by tke 

X Kighty-two percent ‘succeeded in tracing the figure correctly. 
Except for the last four questions, where some confusion seems to 
exist with regard to the method actually pursued, the procedure 
parallels to a large extent that of the individual Os. Many Os report 
in answer to the last request that they were “unable to finish the 
figure because of the time”’ or else that they “had not time to con- 
sider thoroughly, in order to do it correctly." That most of the. ` 
tracing (trying out some self-instruction) was done, not on the 
paper, but above it, is obvious from the answers and from such 
reports as the following. “I mentally traced it." “After looking it © 
over, its simplicity was evident." “The method of determining the 
procedure was done in my imagination rather than attempting it on 
copies.” 

Action, not a blind headlong sort of action, but from a self-in- 
structed initiation, is characteristic of the procedure. A reason of 
some kind is reported for every attack. “The square could be 
traced starting from any point.” “TI first looked over the whole 
figure and decided that I should start with the inner figure and then 
trace the square, which is one eontinuous line no matter where you 
start from. I planned how to trace the inside figure and to get from 
it to the square without retracing. Then I traced it.” 

The general procedure with individuals and groups alike may be 
said to have been characterized by & period of search and of inspec- 
tion-and-comment leading to a gelf-instruction and action under this 
instruction, followed by perception of the results. 

The figure was repeated on fresh sheets with the dotted diagonal 
of Fig. 2 now added as an unbroken line. The task was therefore 
considerably changed. - | 

Instruction. A line has been added. Pane BIDS mua andes SH. 
same conditions, 

(a) Individual Os. That the added diagonal was s further com- 
plication involving more effort for the solution was immediately 
recognized by most Os. 

‘*This complicates it” (81). “This will take acai (My). ‘This complicates 
matters a bit" (Wi). 


EXPERIMENTAL INQUIRY INTO INSIGHT 425 


Gl, My, and Si traced again with the pencil slightly elevated from the sheet, 
while Wi '*went over it mentally twice and then drew it.” 

The reports of no two Os were alike and yet & certain omy was evident 
in the procedure leading to.the solution. In all cases but one some reason was 
given for the beginning point and the point of departure from one figure to the 
other. This one exception reports, “I have decided that I cannot begin where I 
did before but I will have to begin at the center. The solution seemed to come 
about naturally” (Mc). Most Os traced their figures, reporting their procedure 
afterwards; but one O commented while tracing it in air; “If I start on the diagonal, 
I must take care of the other two lines by crossing. I have to end on one point 
of the diagonal if I start on the other” (St). Another O, who never traced tae 
figure except with his pencil on the sheet, commented: ‘This has the same figure 
„as the other practically,” and, ““When I started, I could not swear that the be- 
ginning on the middle diagonal wòuld be successful. I knew the square could be 
traced continuously and that the figure in the previous case could be traced the 
same way. When I first put the pencil down, I knew that I could get practically 
all around, but I was doubtful about the corners. When I got to the last corner, 
I paused and saw that I must do the square and come back to the last line of the 
inner figure" (Ke). “I knew I had to begin on the middle diagonal because I 
could not reach it without retracing the lines if J began on the outaide of the figure. 
That l would have to leave the inside figure and do the outer one before finishing 
the inner came because I knew the middle diagonal was substituted for the one I 
began on in the first sheet” (My). “I began at the diagonal because I had just been 
over the same figure (except for the diagonal), and when the new line was added, the 
easiest way of getting it in was to begin on it. It was quite obvious that you hgd to do 
the square before you finished the middle figure. Otherwise you would never get to 
the square. lf I began on the inside of the middle figure, I would have to end 
there and there was no way of getting from there to the square” (Wi). 

The middle diagonal, the new element, commanded primary attention and 
drew interest away from the outer figure to the inner. Not one O attempted to 
trace the square first, and only one attempted to begin on the inner figure at any 
point apart from the diagonal. Gl held his pencil suspended from the paper, 
attempting to trace it, "Go from here to here to here, etc.—That won't dc.— 
The square in the middle puzzles me.—I have decided to start at the same point 
I did on the former sheet.” He was supplied with another sheet which he never 
traced until he had first gone over it in air, “trying to see the whole figure traced 
before I start. I got stuck because I kept thinking that I ought to arrive at the 
starting point. The idea of penalization holds one back.”  Self-instruction is 
thus an inhibiting factor in the solution as well.as an aid. 


Results. Apprehension of the object, search, and inspection-and- 
comment, leading to action under one self-instruction after another 
were the essential characteristics of the procedure. The instruction 
of penalization for every wrongly traced sheet caused most of the 
trials to be carried out either by eye-movement or by tracing in air. 
In some cases where the solution was not quickly forthcoming, the 
figures were so traced again and again. As a result, a sureness and 
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swiftness marked the tracing of those.who had solved it to their 
satisfaction beforehand. Their reasons for this or that movement 
in order to avoid error were already determined. 

' On the other hand, those wko started to trace before having 
well in hand the proper way of doing it moved the pencil slowly, 
glancing ahead to study the whols figure before crossing or turning 
at some critical point. This looking ahead for possible errors and 
correct ways of procedure simultaneously with tracing is obvious in 
the report of Ke whose tracing time was 30 seconds,—the longest 
time except for Gl, who, though he traced the figure again and again 
in air, was still uncertain when he began to trace the actual figure. 


(b) Groups Os. The same figure was presented. to the groups 
under the same instructions. The time allotted..was 7 minutes. 


ees Yes No 
Did you consider this task more difficult and complicated 
than the preceding? 93 7 
2. Did you begin to trace this figure immediately? I4 86 
. 3. Did you run your eyes over these fi before tracing to 
z Seo how thes eould best be traced cae ia 93 7 
. Did you go over the sheet hol your pencil suspen l l 
* until a got the successful ee of dns it? 72 28 
5. Did you begin on the inside figure? " 78 22 
6. Did you n on the middle diagonal of the inside figure? 53 7. 
7. Did Jou begin on one of the outside points of the inside x , 
figure? 19 8I 
8. Did you begin on the square? 26 74 
9. Did you begin on the Vu inem in order to get it in? Al 59 
10. Did you leave the inner e before finishing ide in one 
to do the square and then come back to the inn 55 45 
"It. Supply any information that is not covered by Mies 
questions. 


Fifty-seven percent succeeded in tracing this second pattern. Of the others, 
only two Os traced more than one copy. The others either had not time to do so, 
or else the end of the period found a few of them still searching for a successful 
way to proceed on the copy first supplied. 

The reports in answer to the last request were scanty in this portion of the 
problem. They were, for the most part, explanations of why the figure was not 
correctly traced. Too little time given and too mush time spent on trying to 
find tha most advantageous starting point are examples. Comments paralleling 
those in the preceding figure were given. "I did one hurriedly to see how it would 
work out and I did it wrong. I sew my error and drew the second one correctly 
by usirg the lesson I had learned in my first one." “I slowly traced the figure, 
not having any predetermined course, and wes careful not to pass over any inter- 
sections that I could not come back to. When about half completed, I saw the 
way to finish the problem.” “I tried it once and got everything but the middle 
diagonal. It was merely a repetition of the other figure. Bo I started with the 
diagonel and got it out of the way.” 
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The results in the main confirm those preceding. That the 
majority of the Os followed the same procedure as the individuals is 
evident from the comments and from percentages. Many Os never ` 
got beyond the earlier stages of apprehension, search for a procedure, 
and inspection-and-comment upon the object. Others, going further, 
acted under one self-instruction after another until the desired resulé 
was obtained. 

Problem 6. This problem, based on the method of multiple 
choice, was designed to show ‘insight’ (= comprehension, sudden 
grasp, cognized relations?). Fourteen rectangular pill-boxes were 
glued side by side to a long narrow board. In one box a bit of cotton 
was hidden. The board was removed from Os sight each time the 
location of the cotton was changed. 

(a) Individual Os. 


Instruction. There is a bit of cotton in one of the boxes. Find it with 
the quickest possible dispatch, giving all your procedure aloud. 


This problem afforded a very striking example of one self-instruction replacing 
another after having been upset by the experimental conditions. At no time, not 
even to begin with, did the O open the boxes with no plan. “The best thing is to 
open the boxes one by one from left to right” (Mc). ‘There is no way but to go 
through the thing methodically” (Fe). Even in the cases of the unsophisticatec 
Os, where the formal instruction was obeyed quite literally at first, a definite 
system of procedure was followed. One O (1) opened all the closed boxes be- 
ginning at the left; (2) opened with both hands but began at the opposite end. 
“Tf this is going to run on for some time, I am going to begin to look for a system. 
. Now that was in the third from the left. There must be some trick about it, so 
that if I get the right idea, I can go directly to the correct one" ($1). This system, 
self-instructed, varied from time to time as the occasion favored first one and 
then another. This is better illustrated in a later stage of the comment. (11th 
trial) “Last time it was third from that end. This time it is third from this one. 
That doesn't work every time. Maybe there is no regulation." (12) Opened one 
but it was not the correct one. Opened another and foundit. “I am formulating 
a theory." (13) “It ought to be in this one by the theory, but it is not, and I 
hereby discard it." This O never worked at random although he recognized the 
uncertainty of his plan. “I may be on a totally wrong track trying to figure 
these out from the arrangements but I think it is a sensible way of doing it” (81). 

The pattern arrangement was the outstanding method of approach to most Os. 
“It occurs to me that I am getting some kind of pattern-test (like the animals’) 
which I am to learn in the course of the presentation" (Mc). “TI will begin at the 
left, examining each box as I go. It is in the third I opened next to three empty 
boxes" ( Ke). 

Any number of cues were tried—the pattern, marks on the boxes, the total 
number of boxes from one end, either end, and both ends, the number of closed 
next to empty boxes from either end, the number of boxes moved farther from 
either end at successive times according to a scheme, the same box every time, 
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etc. The experimental period was marked with pauses while the O sat looking 
at the boxes, noting their position and arrangement, and striving to memorize 
them. 

One O remarked that he “must lock out for the danger of making i more 
complicated than it was." Nevertheless he reported at the end, .“I made it 
complicated at first. I thought of all sorta of possible methods" (Gi). “I looked 
for something exceedingly difficult” (Mc). Self-instruction toward the difficult 
was not apparent in any of the other Os. O merely took advantage of what the 
occasion had to offer whether difficult or simple. My, who was in general the 
quickest and keenest to take note of all possible relevant conditions, commented, 
“Tt must be some simple system because it does not take you long to fix it” (My). 

The proceas of elimination of one self-instructed method after another as the 
conditions changed was most obvious and most logically organised in the case of 
this same 0. 


1. “There itis.” (After opening the boxes systematically from left to right.) 

2. “TY do not see any sense ta it at all. F cannot find any order to it. The 
first time it was near the three thumb tacks, next it was third from the end. 
The more oe I open, the less credit I get, I suppose.” 

i time there are no threes to go. by at all unless I go by the number 
of lE boxes." (Opened ihe tbird closed box from the left and found it.) 

4. (Opened them by hunting for the pattern of three. Opened nearly all 
of them.) PAT know that it has some connection with three. It was in the center 
of = only three closed boxes together 

M args the one near the group of three open boxes. ed another 
and’ foun it.) “I have the wrong pattern.” (Examined the Gute cara 
made & mark on one end of the board.) 

a "[ marked it because I thought it might be in the same box every time, 
but it was not." (He counted three from the other end and got the cotton.) 

7. ed from a cue from last time.) ‘Why do you have more lids on 
the boxes?" (Opened again and again and fcund it.) 

8. ( ed a wrong box. Opened the right one. Counted the number of 
boxes.) “I wondered if you had moved it over one, but you had not. This time 
it was in the center of the pattern as it was two times ago, but that does not 
hold for all times." 


the same box, but 


ther 
Hh (Opened the correct box.) “It is the third closed box over.’ 
I2. “I say cat that when 1t was five from one end one i it would be 
at the other end next time in the ifth box. I have never found it in an end one. 
I am trying to make sense of the ent. This time it is the sixth closed 
box from one end, and the third cloged from the other." 
I3. lt P vir be some simple system because it does not take you lon to fix it." 

uy is it never in fhe end ones?" (Courted the boxes.) “Next time I 

shail count the number of open ones.” 


15. “It certainly is no pattern.” l 
re, “And it is not the same design this time. paras do not have 
any system, but it has been in this one at other ae d e had opened the 


m M E " 
17. ig the third OX e end." 

I8. (Opened the third closed cne from the right.) 

19. (Opened the third closed box from the left.) “They alternate." (My). 
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This protocol is a fine example of the typical procedure in this particular 
problem. It is rich in illustrations of apprehension of arrangement and place, of 
search for some plausible ground on which to base a choice, of. inspection-and- 
comment upon the various experimental conditions, of the formulation of the 
self-instruction dependent upon the occasion (arranged boxes) and action under 
it, of re-apprehension followed by another self-instruction and action under that, 
until, all irrelevant plans eliminated, the solving generalization is reached. 


Results. The procedure in this problem, as in the others, was 
marked by a method, a systematic series of interacting self and 
occasional instructions. A solution was gained through, first, inspec- 
tion-and-comment upon all conditions possibly relevant to the end 
sought, and, next, formulation of one self-instruction after another 
dependent on some occasional instruction until the generalization 
was reached. Here, again, there was no evidence of any uninstructed 
and planless activity. Action was always directed, predetermined, 
relevant to some intention on the part of the O. 

(b) Group Os. The scheme for group-presentation consisted in 
placing the cotton always in the second closed box from the right 
end. It was necessary to make the scheme simpler than the alter- 
nating plan used above since the number of Os was greater and the 
presentation-time 1o minutes less. 


Instruction. lam going ad rea to you this series of boxes a number 
of times in succesaion. one of them there is a bit of cotton. On the frst 
presentation, I shall open the box in which the cotton lies. After that you 
are to write on the paper beiore you the number of the box in which you 
think it lies, counting from the right. After you have written down the 
choice each time, I shall open the correct box. 


uen Yes No 
When the boxes were first presented to you, did you consider 
that the best way of finding the cotton was to open all the 
boxes to see where it was? 52 43 
2. Did you uy to remember which box it had been in from time 
to time? 74. 25 
3. Did you try counting the number of boxes from an end? 80 20 
4. Did on: try to remember the pattern arrangement from time , 
0 4D 
5. Did enit. try counting the number of closed boxes from either 3i 
6. In naming the box in which you thought it might lie, was 


your reason for the choice based on some location you had 

noticed before? 84 I6 
7. Give any other information which you consider of interest or 

value concerning your solving process. 


The percentages and the reports again parallel those of the individual Os. 
“I tried to base my solution on some probable numerical sequence, as some 
multiple of two. This seemed to work, but failed in the Jast instance. Hence my 
solution was inco .’ “First Y tried to find a difference from the others in the 
box containing the cotton. When this proved futile, I tried to notice whether the 
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number of the box had anything to do with the number of empty boxes. At the 
end I thought it was the number of empty boxes minus one.” “When I saw the 
first time that the right box was the second closed one from the right, I chose that 
in every succeeding trial, and, finding I was successful, did not try any other 
method." ''My first idea was that there would be a telltale mark on the lid. I 
found several such marks, but the placement of the cotton did not correspond.” 


The procedure was obviously the same as above. Self-instructed, 
the O made one choice after another until the instruction was no 
longer plausible, whereupon another self-instruction dependent upon 
occasional instruction was formulated. This continued until either 
the solution was reached or the end of the presentation-period 
arrived. The results of this group-presentation confirm those ob- 
tained from the individual Os. 

Problem 7. This problem was chosen to show ‘insight’ (= flash, 
new configuration?). Six matches were placed on the paper before O. 


Instruction. You have nted to you six matches. Construct of 
han four equilateral fancies without breaking the matches. Comment 
cud. 


All the Os went systematically to work on the presentation of the problem 
constructing plane figures involving triangles. This practice was interspersed 
with peuses where the O was “trying to visualize some large geometrical figure 
that can be broken up into four equilateral triangles," or ‘‘tried to think of all 
the figures involving four triangles, (some time since my geometry)." Search here 
was accompanied by inspection-and-comment, “Obviously each match will have 
to form the side of more than one triangle.” “Esch side of each triangle must be 
the length of one match.” ‘The solution seems aa if it might lie in utilizing only 
the half-matches but I can get only three triangles that way.” 

All the Os assumed, without ary formal recognition of the fact, that the four 
triangles were to lie in a plane. Three of them ( Ke, S1, and My) solved it by 
taking advantage of chance positions in their efforts to lay a plane figure. Ke 
made one tridngle. Then he started to lay another match from the apex of it to 
the base. “As I was laying the match one end down and the other up, I got the 
idea of not having them in the same plane.” St, constructing plare figures, laid 
out two triangles with a common base so that the figure looked like a diamond 
with a line across the center. Teking the two matches nearest him, he lifted 
them, added the other, and constructed the vetrahedran. “I saw all at once that 
it was & tetrahedron required. Taking two of them up together gave me the 
notion of getting the third dimension.” My, also constructing plane figures, 
started moving the matches around again and then paused with one in his hand. 
He started laying it down slowly, beginning with one end, “Oh, here it is,” and 
constructed the figure. 

The solution followed immedia-zely on the chance occurrence which induced 
a change in the primary assumption. It undoubtedly was obtained more easily 
in the ceses of Ke and Si, that of the former because he had taught geometry the 
year before and that of the latter because he was a physicist and saecustomed to 
deal with mathematical media. 


HXPERIMENTAL INQUIRY INTO INSIGHT 431 


The other Os (with one exception) concluded it impossible to construct the 
required triangles. When no other arrangement could be formed under the seli- 
instruction, the O sought to terminate the period. He never continued to move 
the matches aimlessly. On the second and third presentations he acted under a 
self-instructed plan; but when the instruction ceased his action ceased. 

Mc never realized the impossibility of constructing the figure according to 
his plan. Even when shown the solution, he never saw it as a three-dimensional 
figure of planes in various relations to each other, but as a solid. ‘The idea of a 
solid never struck me at all. Triangle means to me something in a plane." 


Results. The solution here consisted in a recognition of the 
three-dimensional alternative. Perceptive apprehension of a signifi- 
cant condition was prevented by a predisposition to lay figures in a 
plane. For some this set was so strong as to inhibit a recognition of 
the implications attendant upon lifting the matches from their two- 
dimensional arrangement to place them again in another plane 
arrangement, while for others a self-instruction that there must be 
something tricky or catchy about the problem created an attitude 
of search and uncertainty in the attempts to lay a plane figure 
satisfying the conditions. For these the re-apprehension of the type 
of figure required entailed a recognition of the predisposition to lay 
plane figures with the resulting formulation of another self-instruc- 
tion. 

Action under. self-instruction, accompanied by search for a 
method of solution and inspection-and-comment upon the situation 
characterized the pfocedure. For those who solved the problem, the 
occasion brought about a re-apprehension with a consequent recasting 
of the instruction. 

Problem 8. This problem also was intended to show alleged 
‘insight’ (of the same sort.) The experimental object consisted of 
a flat steel rectangle with a slot of definite pattern cut in it. The 
right-left slotted groove was long and had annexed to it above and 
below 2 shorter T-shaped prolongations. Ten steel buttons, which 
could be turned or slid in any direction, were permanently fastened 
in the slot. Each bore a letter of the word ‘perplexity,’ the letters 
arranged in haphazard order. Because of the arrangement of the 
slot, the letter ‘p’ could not be moved from its position at the right 
of all the others. -The solution lay in turning the puzzle and the 
letters on the buttons upside down with reference to the obvious top 
of the puzzle, which was indicated by the imposed name “The 
perplexing puzzle." 


Instruction, Solve this puzzle, commenting aloud. 
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In every case the Os assumed et first that the word was to be spelled according 
to the words lying above the slot. Under sel? and occasional instructions, O 
ahifted the buttons in every imaginable way. “It is just a matter of moving them 
around” (My). 

Search and inspection-and-comment under a a occasional instruction 
characterized the early stages of the solving process. “Where has it got to. be 
when I spell it? Where is the trouble? How d» you get the Y over there? The 
Y is stuck" (My). ‘This takes three, and this takes three, and four have to gó 
there, but they won't" ( Ke). ‘You have to get the Y out of there first. You 
cannot do it. I wonder if any of these are uneven? They are all eccentric; they 
all roll round” (51). “The Y should go to the end. I see that it is going to be 
the whole difficulty to get the Y out of there. The P won't let the others pass. 
There is something fishy here. Is there any possible way of getting them past 
each other? There are too many le:ters for this. Now what am I going to do?” - 
(Gi). 

At times throughout the experimental period. the O, with an Abstracts look 
on his face, would cease to move the buttons around, or else do so in an aimless, 
desultory way; but, when asked what he was doing, he reported, “I am trying to 
see what I can do." “I have got sli but one letter in the correct positions, but I 
do not see how the P can be got in” (Fe). 

Marking the later stagea of the- solving process were action under self and ` 
occasional instructions and elimination of one plan of action after another, shift- 
ing the buttons around until the realization was reached that the letter P could 
snot be moved from its end position. At this point two Os declared its solution 
impossible. “TI still have that P down there, anc there is no way of getting it out. 
There must be some way for P to pass some o? the others but I cannot see it” 
(Ke). “It is no use forcing the metal; that wou d not do any good. I cannot get. 
that Y out of there to save me" (Gl).. One O never realized this impossibility 
because he failed to notice the relative positions of the letters at the beginning of 
the observational period. “T did not remember whether the P wasin that position 
to begin with or not. I might have got it in that place by moving the buttons 
around” (Fe). 

For the others, the impossibility of the removal of the P from the end sug- 
gested utilizing that letter as the beginning of the word. ‘Perplexity is pre- 
sumably to be spelled in this direction, but I can spell it in the other direction. 
May I? I can turn it upside dowr which i3 not against the directions” (Mc). 
“When I picked it up, I realized that the P was still on the end and there was no 
way of getting it on the other side. ' I must b» able to spell it with P on that end, 
then. And it occurred to me that I sould turn it upside down, twist the buttons 
around, and spell it forward" (GI). My spelled it backward and turned it bottom- 
side up. “It was the only way it could be dene. I had tried every other way of 
doing it and was bound to get this way socner or later" (My). ‘The labelling 
would indicate that it was to be spelled like it bat the P cannot be shifted” (81). 
He spelled it backwards and then turned the puzzle upside down. ‘Ho, ho, wait 
a minute!" and he turned the buttons go that they spelled it forward, and laughed, 
“I turned it upside down to read it backwards, then I thought of using a mirror, 
and then I saw the lettera could be turned arourd." 
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Results. The procedure in this problem, as in others, consisted 
in apprehension of the object, search for a method by which to spell 
the word, inspection-and-comment upon the conditions of the 
situation, action under self and occasional instructions, and re- 
apprehension due to a further realization of the limiting conditions 
of the experimental object. 

The assumption that the word was to be spelled according to the 
one paralleling the slot was a misleading instruction from the occa- 
sion. Failure to arrive at the solution was due either to no change 
. in this assumption, or to an imperfect apprehension of the experi- 
mental material, as in the case of Fe. 

Problem 8. The following word-series were designed to bring out 
‘insight’ of some kind. The approximate sounds of two famous 
Shakespearean passages—Macbeth’s tragic soliloquy from the Fifth 
Act and the soliloquy from Hamlet—were presented in serial form. 
The Macbeth was given first because it was the less familiar. 


Macheth’s Soltloquy 
tomb this bull lie 
arrow pet of Ted 
and tee record fools 
tumor &yB dead e 
TOW m thyme weight 
in data an too 
Tom day &wl does 
are tooth hour 
oh he yes death 
crypt lass todays 
e'en silly vB 

Hamlet s Soliloquy 
two weather slin; oar 
beer "tis gan toot 
knot know air ache 
tube blur row arm. 
bee inn sough gag 
thought them out ens 
is end ray tea 
thick twos gift 
west offer our rub 
shun this tune bulls 


(a) Individual Os. One of the above series was placed on a 
sheet of paper without the title. 


Instruction. Read aloud. 


The Os began by reading the list once. Then they invariably paused, running 
their eyes up and down the list while commenting. “It is a group of disconnected 
words. I did not think of the meanings of the words at all. Several of them are 
rather unusual” (Mc). “I noticed that there were some nicknames and a few 
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words together tended to make sense, ani some I sought to pronounce in a 
different way like ‘row’ " (GI). “I looked over it and thought of some catch in 
pronunziation. I thought only of each separate word. Then I started reading 
down fairly rapidly for myself. The ‘petty pace’ part gave me the first inkling” 
(Si) “I thought it might be like James's “Pas de lieu Rhône que nous.’ Then 
I saw ‘cube’ and ‘bee’ which lookec like ‘to be.” I suspected what it was then 
and went to reading it systematically” (Fe). “These words, ‘tomb, arrow, and 
tumor,’ fell together as I read them I thought the list might be only scattered 
phrases. therefore I took them seperately” (Ke). “When I read it, I knew it 
sounded like something faintly familiar and the first phrase and the last one 
made sense right off. The rest of it :s this" (Mg). 

The solution was dependent mainly upon the oecasional instruction and only 
in part on self-instruetion. Search is evidant in the report where the Os ask 
themselves “what it can be for" or wonder “what you want done with this," 
or an O wishes that he “knew what he was to get out of it;" but in any case 
the Os knew that there was somethiug there, not apparent but to be found. 

For Mc, who failed to recognize the passages after several readings, the formal 
instruction was changed twice; first to “Read until learned," and then “Read 
through quickly.” Under the firet he got slower and slower in his reading. 
“They are disconnected words for groups of whick I have to manufacture connec- 
tions to help me learn. . . . When I tried to learn it, the slower I went, the more 
disjointed it became.” On reading it quickly Le “noticed this last time ‘weather 
"tis nobler.’ I am beginning to get a glimmer that this is a meaningful sentence 
of some aort." 

Gs complete ignorance of one of the pessages in question and bis very 
imperfect acquaintance with the other prevented his getting the meaning. Time 
and again he struck a leading note: ^A few words tended to make sense," and 
“I wonder if I could make sentences out of it. Mo, they are too disconnected." 
Even when the instruction was changed to “Read aloud as quickly as possible" 
and the report reads, “I could not help noticing the rhythm—there are places 
in it where a number of words almcst make sense," he made no attempt to 
work it out as had Ke, (who was very unfemiliar with the passage first given 
him), but remained doubtful concerning it. The meaningful phrases suggested 
by the words were never like those in the original passage, but were like the 
words of the lists, e.g., ‘to be thought,’ ‘offer thia sling.’ 

Ke, g:arting from the first phrase which “fail together," saeia worked 
out the remainder of the passage on paper, repeating phrases aloud and going 
back to -change those already done to fit the mesning. “Two or three of these 
could be ‘tomorrow,’ and then there is ‘pays from day to day to the last syllable 
of recorded time.’ And ‘whole hour yesterday. He went over it slowly, writing 
down these phrases. ‘Have lighted fools the way to dusty death. Tomorrow 
and tomorrow and tomorrow,’ I see that all right.’ He looked at the list awhile. 
‘Creeps—creeps in this petty pace.’ He read on abowly, ‘and all our yesterdays.’ 
Then he read from the paper the whole passage correctly. 


. . Hesulis. When one passage was identitied, the O was instructed 
by the occasion that the other vas similar. Therefore the stage of 
undefined search was absent in the second procedure. In general, 
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the O who recognized the first: passage also recognized the other; 
while for the one who did not-recognize the first, the second also 
was hard of recognition. 

The disconnected and strange series of visual words tended to 
inhibit the recognition of the rhythmical and familiar sequence of 
verbal sounds. 

The procedure was characterized first as perceptive and compre- 
hensive, accompanied by a vague and diffused form of search. 
Occasional instruction tended to objectify concretely this element 
and to lead to verbal recognition. Auditory cues from a swift reacing 
aloud led in some cases to identification with the familiar literary 
passage. Where the passage was not so familiar, the O worked out 
under self-instruction the meaning of the whole in a methodical way. 

(6) Group Os. The series of words simulating Hamlet’s solilo- 
quy was arranged on a white cardboard 3 ft. x24 ft. The other 
series was omitted because of the lesser familiarity of the quotation. 

Instruction. I have here a chart on which there is a series of words. 

I shall present them to you and we shall read them aloud in unison three 

times, in the speed with each reading. After the last reading you 


may immediately turn over your questions and answer them. Here are the 
words. Let's begin. 


as Yes | No 

Did you wonder what it was all about when you were asked 
to read these words? 88 12 

a. Did these words n : oe of disjointed words without 
any connected m 53 47 

3. bos 3o think that pred might make sense before you read 
37 63 

4. M c M E 
em 77 23 

5. Did the whole series make sense only after the second or 
: 4 third ? 27 73 


Tell ice &bout your procedure that these questions 
have ieft out. 


From the percentages it is evident that about three-fourths of the Os failed 
to recognize the passage. The causes of this failure may have been either lack 
of familiarity with the passage or the dominance of the visual over the auditory 
stimuli. 

The reports run parallel to those of the individual Os. ‘The increased speed 
in reading seemed to make them more meaningful and I left the visual words 
for the audible." ‘The unfamiliar word ‘sough’ was the most definite cue to 
me that this series was not disconnected.” ‘‘There seemed enough verbs, nouns, 
and adjectives to make complete sentences, but there was not time enough." 
"T thought it was an association-experiment and I tried to memorize the words 
but only a few of the unusual ones stayed.” ‘Certain words went together like ' 
‘thick, west, shun,’ and ‘toot ache’ that could have been ‘toothache.’ The whole 
did not make sense.” 
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The dependence of the solution on occasional instruetion is quite 
obvious from these reports where occasional instruction (e.g. that 
it was an association-experiment) often inhibited useful cues. This 
may be added to those given above as another cause for failure to 
apprehend the words as familiar and well-known. 

Problem 10. This problem was designed to show whether some 
form of ‘insight’ was concerned in applying a physical principle to a 
problematical situation. A deflated toy balloon, a 75-cc. flask, 
penstafi, pencils, and file were presented to the O. 

(a) Individuals.' 

Instruction. Blow up this balloon and tie it inside the bottle. 


Here the simplest and most obvious performance was to place the balloon 
in the bottle and blow on it. That was the procedure invariably followed, by 
all Os,—even by Si, a physicist. Failure led to the question, Why? “Now, why 
the deuce won't that blow up in the bottle?’ ($1). : 

In the majority of cases the O quickly recognized the cause as air-pressure 
and lack of an escape for it. “I must have something to let the air out" ( Ke). 
“I just thought of letting the air escape as I put the balloon in" (Mc). “AN the 
air is in there and I have to get it out or the balloon won't blow up" (Gl). “I 
saw that it was air-pressure keeping it from blowing up” (St). My, the logician, 
was the only one to make a correc; scientific analysis. ‘To blow it up would 
have required compressing the air in the bottle but lungs are not strong enough 
to do that." An excellent example of employing an object as instrument out 
of its usual context occurred in this case. After finding that the balloon did not 
expand, he asked, “Can I use anything else?" He looked over the table and said, 
“I haven't the right machinery. Oh, yes; I am going to show you something 
now." He quickly unscrewed his pipe-stem from the bowl, inserted it by the 
side of the balloon and inflated the kalloon, the air escaping through the pipe 
stem. He reported, ‘Therefore I put a tube in the neck of the bottle and then 
the air in the bottle escaped through the tube.” The pipe-stem was apprehended 
no longer as & pipe-stem with its specific application but was generalized into a 
tube. 

Fe, who never solved the difficulty, reported that ‘‘the problem never an- 


nounced itself to me as physical. I knew the air had to get out but I never ` 


thought cf it as a physical problem." To what extent that prevented a solution 
on his part is doubtful. In the commentary he formulated the question, “How 
do you get the air out of the bottle?" and he “does not see how the air can escape." 
Here is a definite recognition of the difficulty but no instrumental solution is 
suggested. 

The other Os used the penstaff and pencil indiscriminately. Ke picked up 
the file and inserted it but decided it might break the balloon. 


Results. The procedure consisted of action under self-instruction 
followed first by a period of search for the cause for failure under the 
first trial and then by a re-apprehension of the experimental condi- 
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tions with a consequent new self-instruction followed by action. As 
a general rule, when the cause for failure to inflate the balloon on 
the first trial was comprehended as due to air-pressure, the solution 
by instrumental application followed immediately. 

Except for one case, Fe, formulation of the difficulty led to a 
consideration of the means of solution. In this case, however, im- 
perfect comprehension of the laws of air-pressure inhibited the 
apprehension of & means of solution. 
^— (b) Group Os. 

Instruciton. If I place this balloon in this bottle and blow, thus, no 
matter how hard I, or anyone else, blows, the balloon will not go up. Never- 
theless, there is a way by which the balloon can be blown up in bottle 


under these present conditions. If I gave you the balloon and asked you 
to blow it up in the bottle, how would you do it? 


Questions Yes No 
1. Did you find a way of blowing up the balloon in the bottle? 73 27 
2. Did you decide that the air in the bottle prevented the bal- 

loon from blowing up? 72 28 
3. Did you search for some means of allowing the air to escape? 61 39 
4. Did you consider any of the objecta lying on the table? ` 69 31 
5. Did you think of some absent object as a means? 83 17 
6. Did your solution consist in holding some object in the mouth 
of the bottle parallel to the neck in order to allow the air 
to escape? l l 47 53 
Give any of your attempts at solving which are not covered 
by these questions. 


Various methods of obtaining the desired result in addition to the one in the 
gixth question were reported in the answers to the last question. “I thought 
of pushing the balloon in the bottle, thus allowing the air to escape as the balloon 
blew up. Of course, this entailed having a tube fastened to the neck of the 
balloon through which one could blow. I could not find the instrument on the 
table so considered the problem unsolved.” “Wire wrapped round the neck of 
the balloon (in the neck of the bottle) to keep it smaller than the neck space 
and allow the air to escape as the balloon got larger.” All sorts of other means 
were offered as impractical as, or more impracticable than, those quoted. 

Others reported concerning the sixth question. “The object I should use 
is a corkscrew with the point away from the balloon because then the balloon 
could not expand around the object to shut off egress of air.” This was another 
example of an instrument, not only used out of its usual context but assumed 
to have the generalized charecter of a tube. “TI solved it nearly instantaneously 
due to my knowledge of physics and air-pressure." ‘Because of the question 
in the bead problem, I definitely sterted by looking over the table." The O was 
gelf-instructed here from & cue from & preceding experiment. 


Resulis. Great variety in type of solution is evident in the results. 
Those Os who never &pprehended the cause of the difficulty naturally 
failed entirely to reach any solution. Others, self-instructed from 

past experience, suggested various methods for the most part entirely 
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unsuited to the experimental conditions. Others apprehended the 
correct cause of the difficulty kut spent the allotted time in search 
for a method of solution; while still others, apprehending the difficulty, 
had no trouble in immediately apprehending the best and simplest 
means of solution under the conditions given. 

Inhibiting factors were, first, failure to apprehend the cause of 
the difficulty due to an imperfect acquaintance with the behavior 
of gases, and, secondly, self-instruction from past instrumental 
_applications combined with failure to apprehend limiting conditions 
in the instruction and the experimental situation. 


Problem 11. This problem was chosen as parallel to the foregoing. 
The O was presented with a bit of wood about 2 in. long, beveled 
convexly below and so rocking easily from end to end. The top was 
channeled out longitudinally with a concave bottom. Two small 
shot were placed in the groove which was then transparently covered. 
As the piece sat on its rocking bottom, the shot lay together at the 
centre, but separated by a wire partition. Small pockets were dug © 
out at the outer ends of the grcove. The problem was to cause the 
two shot to go right and left at the same time and so ride up to the 
two pockets. The solution consisted in twirling the piece suddenly, 
thus sending the shot centrifugally to the two pockets. 


a RR Place a ball m each pocket simultaneously. Comment 
ou 


All the Os began with the self-instruction that it was a matter of manual 
dexterity or skill. When that principle failed them, some assumed it a mere 
matter of chance, which was denied Ly the experimenter. . As a result of that 
self-instruction the O tended to cease in his efforts at solution. “I do not see 
that there is anything to it but manual dexterity. I do not see anything but 
that it must go in by chance.” (Fe). “TI think it is a mere matter of skill. . . . 
It will just be chance if it falls in" ( Ee). “Is it a trick of dexterity or is it a 
matter of luck?" (My). 

Every method that might lead toward a solution was tried with the object 
in every possible position. Only in extreme impatience did the O violently and 
aimlessly shake the object. Every way of holding the box, of sudden striking 
and jerking, was tried,—a methodical procedure with a definite basis. ‘The 
best bet is to get one in a hole and holc it there while rolling the other along the 
glass top, out I have not succeeded ir. doing it yet" (Mc). “TI am trying to keep 
one ball in the hole while I quietly and diligently get the other in, but I get it 
nearly there when the other one moves out" (Gi). “TI have a better idea, I will 
put one in and then put another one in by striking the bottom sharply" (My). 

Gl and My noticed the structure of the puzzle. My, who solved it, said 
emphaticaily, early in the experimental period, “One thing is certain, I suppose 
that wire in the center (partition) has something to do with it. . . . Why is it. 
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made in & rolling fashion like that? There are no grooves in it any place, it is 
just semicirculer. That wire must mean something—that one is to be on either 
gide of it." GI, who did not solve it, commented in the interrogative, “Why 
was it made like this? That wire down there is kind of funny. Why do you 
suppose it is there?" 

That there might be some mechanical principle dady it could be solved 
occurred to mast Os. “One could set up an oscillatory motion so that the balls 
go up and down in opposite directions, I suppose" (Mc). “I do not know any 
principle of mechanica whereby both could be put in together" (GT). Fe, when 
told that the puzzle was obtained from a physicist, commented interrogatively, 
“I wonder if the inclined plane has anything to dc with it?” My, who solved the 
problem, reported that, “If I had a magnet, I believe I could do it. . . . I wonder 
if it depends on any scientific law. It looks as if the wire should keep them apart. 
You have to get them in a place where a single motion would put them both in 
at once. . . . What kind of motion would drive them in? The only thing left 
after thinking of all possible forces was centrifugal.” 

When those who desired to cease trying for the solution were told that the 
secret of it was centrifugal force, various comments were obtained showing that, 
though centrifugal force as a name was familiar, not one O had a clear notion 
of the significance of the concept. “I have heard of it but it means nothing 
to me" (Pe) “Centrifugal foree—fcoree toward the outside? I never would 
have thought of spinning it. I thought it was a mere matter of skill" ( Ke). 
“Centrifugal force? I know what that is" (Gl) He got up and whirled around 
holding the pussle in his outstretched hand. “All it ever meant to me was 8 
whirling pail of water" (GD. ‘When you spin a thing around?" (Mc). He took 
it in hand and tried to go around with it as one whirls round with a bucket of 
water. Even though these latter two now knew the principle of the solution, 
they never tried the correct way of spinning the object. 


Results. The characteristic procedure here for those who came 
nearest the solution and for the one who attained it was action under 
self-instruction accompanied by search for a different and possibly 
more relevant method of solving, and by inspection-and-comment 
upon the experimental object. 

In three cases the first self-instruction of manual dexterity was 
never changed—a self-instruction inhibiting the apprehension of 
relevant conditions which would necessitate a reformulation of the 
plan of procedure. When O found that skill of manipulation did not 
obtain the desired result, he ceased to attempt the solution. When 
he had no other feasible plan, he never continued to try aimlessly. 


In other cases failure to solve could be attributed to the inhibiting 
effect of a vague and imperfect knowledge of the controlling physical 
principle. 

Problem 12. This problem was designed to examine an ‘insight’ 
which might divine the suitable. Two series of numbers were com- 
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posed. The pattern of the one first presented was as follows. To 
all odd numbers additions were made; from all even ones, subtrac- 
tions. The numbers so added and subtracted ranged from 1 to 14. 
After 12 first appeared, it then appeared in every 4th place. The 
pattern for the second was a subtraction-and-addition pattern; thus, 
—3+2—1, +6—5+4.. 


First Pattern Second Pattern 
13 13 24. 26 
14 22 . ^ 2I 25 
12 12 ` 23 aI 
9 I '22 26 
13 13 . 28 30 
18 26 à 23 27 
12 — - RU em 
9-3 l 24 


Instruction. Here is a series of numbers with the last one lacking. ` 
Supply the correct number. : Comment aloud. 


The interesting thing about the first serics for the Os was ita pattern arrange- 
` ment. All gave 12 as the number, basing their choice on this arrangement. The 
formal instruction was as meager as possible, leaving wide range for self- and 
occasional instructions. Not one 0 made any initial assumption that the other 
numbers followed necessarily from the first accordmg to some ruling principle. 
All read the series first, inspecting its characteristics and generally seizing on 
what the occasion had to offer. ü 

Various patterns were described but the one leading to the right number was - 
the most obvious and the most generally found. “Beginning with the third 
number, every fourth number of the series is 12. Therefore the last one would 
be r2 to fit in the rule. I saw it was a pattern 13, 12—13, 12 all the way” (Fe). 
“T happened to notice that the numbers occurred in groups of four—that the first 
number of each group was 13, and the third (f?) was 12” (Ke). ‘There are three 
groups with smaller ones separating them. Y would say it was 12, just to keep 
up that sequence" (S81). Mc read the series and was struck by the regular rhyth- 
mical recurrence of certain numbers. “Without analysing, one would say that 
12 is the number because every fourth time it comes in. Just the fact of the 
rhythm alone would make one th-nk that 12 was the number” (Mc). 

My was partially self-instructed in the search for the number, ‘Do they go 
in pairs, I wonder?" He tried various schemss of adding and multiplying. After 
finding himself wrong, he re-read the. whole series and announced, “According : 
to the pattern the number should be 12.” Occasional instruction, here as in the 
above cases, led to the correct number. 

Gl, under self-instruction, commented, “I went through the series getting 
the difference between 13 &nd the other numbers. I found & constant relation 
between it and the third (7?) number from it. I therefore judged it to be 12. ` 
I simply took 13 as a standard and worked from it.” 

Greater variety was shown in the second series. Two Os obtained the number 
by working out the scheme according to which it was composed, one because 
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he had inquired as to the way in which the former group was constructed, “Is 
that the same business of adding and subtracting?” (Fe); the other because 
systems of additions and subtractions were the simplest and most often used 
means of forming a series, “I read through the numbers and did not see any- 
thing. Then I began by taking the differences. I tried to see if that were the 
thing here, since most series are made up in that manner" (St). Here the O 
was self-instructed to search for #’s method in constructing the series. 

The occasion, however, furnished the basis for the other solutions. Self- 
instruction was less useful. “I have already decided that you are not going to 
use the same method you used before" ( Ke). “I suppose you start with a number 
and the rest follow by rule” (My). Such self-instructions were wholly abortive. 
The pattern gave the correct number except in the case of Mc, who, by two pat- 
tern schemes, obtained the incorrect number 35, and in the case of My, who 
obtained the correct number but not through working out a pattern. By a process 
of elimination, counting the numbers and the number of times each occurred, he 
inferred that the only number in the twenties not occurring at all (t.e. 29) was 
correct. 


Results. ‘The progress toward solution consisted in, first, appre- 
hension accompanied by inspection-and-comment upon the series 
and by a search for any cues likely to be of aid in obtaining the 
desired number, and, secondly, occasional instruction (in most cases), 
a self-instruction (in a few), under which the number was supplied. 

Strong occasional instruction suppressed the formulation of self- 
instruction in the majority of cases. 

Problem 13. This problem also was designed to explore for 
‘insight’ discerning the suitable. The following stanzas with one 
word lacking were presented in succession. Care was taken that 
only one word, and that the author's, could be supplied. The five 
examples were chosen to bring out differences in literary perception 
of form and in available vocabulary. 

(1) Yea, in the valley of Death I awoke, 
and str 


Palid ange as & vision. 
All of my sorrow is vanished as smoke— 


Could only bathe the outer. ............. 

(3) Let us go hence; the night 18 now at hand; 
The day is overworn, the birds all flown; 
And we have reaped the crops the gods have sown; 
Despair and death; deep darkness o’er the land 

"^ Broods like an owl; we cannot understand 

Laughter or tears, for we have only known 
§ vanity: vain es alone 


Urpassing : 
Have driven our perverse and aimless............ 
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V Let us | lg d ndi baud strange and cold, 
I5 a T hak men and un just 
d end of oo 8 rest for the ol 


et pa to all frem love and fear and lust. 
' ‘Twine our torn hands! O pray the earth enfold 
Our life-sick hearts and turn them into dust. 


(4) Ps skies, they ars not al raining 
eL dr twelvemonth ugh; 
m meet good days and mirth, TH ee 
ym And range the lovaly lands of earth 
With friends no worse than.............. 


(5) Well! wind-dispersed and vain the words will be, 
a Thyz d me give my grief its hour 
In the find or tree-topp'd hill! 


Who, if e <a ra here hath power? 

I know the wood Vick hides the flat 

I know the Fyfielc tree, 

I know what white, what purple fritillariea 

The grassy harves; of the river-fields, 

' Above by Ensham, down by Sanford, yields, 

And what sedged prooks are Themes s......... pm 


(a) Individual Os. 


Instruction. Here is a verse with ane word Jacking. Supply the correct 
word, doing so aloud. 


The first verse is composed of four RS rhyming lines, one of the most 
common of rhyme schemes, the last rhyme lacking. A word of three syllables, 
ihe word ‘Elysian,’ which is fairly familiar, was to be supplied. All Os followed 
more or less the same procedure in attempting to supply the word. Some trusted 
to the feel they had for what wae required. “One word to rhyme with ‘vision.’ 
Elision,’ ‘provision,’ ‘incision, '&mbition. All right, ‘Elysian.’ "That is the 
correct word” (My). ‘Tt seams ag if there sLould be more than one word, ‘ | 
of something. I am trying to. find something to rhyme with 'vision' " (Gl). 
Fi read it again rhythmically, beating her foot to ad time, and supplying 
‘dum dee dum’ in place of the word. 

Otker Os analyzed in greater Cetail with regard to metre, rhyme, ana part of 
speech. “Tt needs three syllables, accent on the second to rhyme with: ‘vision’ 

~ I thought, ‘Why should not an adjective dof'" (Fe). “The name may be 
some foreign proper name. This notion was strengthened by the fact that it 
goes with a plural noun with only three syllables to supply. There is a posture 
that it must be an adjective that i3 needed a3 I recall the poetic formula of modi- 
fier after noun" (Je). ‘The worc has three syllables, the last part of a dactyl, - 
and a trochee. ‘Decision’ fits tho rhyme but makes no sense" (Mc). 

One O ( Ke) read the word immediately into the blank. Otherwise an attitude 
of search occurred: The others (whether or not the right word was obtained) 
invariably substituted other rhyming words which had no connection with the 
sense in attempting to get the correct rhyming word. ‘Derision,’ ‘division,’ 
‘decision,’ ‘incision,’ ‘elision, ‘collision,’ ‘oblivion,’ ‘provision,’ ‘ambition,’ were 
variously employed. Je was prevented from supplying the correct word obviously 
because he continually assumed the word to 3nd in ‘ision,’ identical with the end- 
ing of the word ‘vision.’ 
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Those to whom the word ‘Elysian’ occurred were convinced that it was cor- 
rect if familiar to them. To Si the word occurred immediately, “ ‘Elysian valleys,’ 
something like that is,used in classical poetry. I am not sure of the word and 
I cannot spell it. It begins with a capital E, but I am not sure of the rest. I 
guess that would be right. . . . Yes, wasn’t it the Elysian fields that Greek 
heroes went to after death?" To Mc and Gl the word was none too familiar. 
Mc reported, “I knew the word. ‘Elysium’ was the only thing that meant any- 
thing here, however. The adjectives from it simply did not emerge;" and Gl 
reported, “I knew it but I never thought of it. I never use it ordinarily, anyway.” 

The second verse is also a 4-line alternately rhyming verse with the last 
word lacking. This last word, ‘peristyle,’ is semi-technical and ordinarily absent 
from the vocabulary of common usage. 

The search for the word ran parallel to that of the other verge. Words like 
‘domicile,’ ‘campanile, ‘mile, ete., were supplied. Only in one case was this 
absent. Ke read ‘peristyle’ into it immediately. That the metre was harder 
here was indicated by the large number of one-syllable words supplied. My and 
Gl never realized the fact that more than one syllable was required. "It might 
be any noun that rhymes with 'aisle'—'style, ‘file,’ ‘defile,’ ‘mile,’ ‘Nile,’ etc. 
The rhythm is 30 irregular that it might be any syllabled word. It ought to be 
‘pile,’ a one-syllable word. A two-syllable word would be awful” (My). 

Without formally stating it, Mc assumed that the word was at least of more 
than one syllable. He read ‘domicile’ into it. ‘Words like ‘pile’ spring up but 
they are too short.” St methodically attempted to get the metre, "I do not 
know whether it would be one syllable or three. I think it could get away with 
one. I will try ‘domicile,’ which is not the word for the metre. Three syllables 
sound better.” 

Mc, Gl, and Ss tried to obtain the word from the meaning as well as from 
the rhyme. “Jt looks as though it would refer to the vestibule or something like 
that. Is this a technical word connected with a church? I am now visualizing 
a cathedral with various parts that might be illuminated by the sun. This term 
might apply to the roof or walls, or to the general outer part of the church” (Mc). 
“Tt would not be good poetry but you could say the ‘outer tile’ if it were made 
of tile" (GD. '"What is outer that is bathed by moonlight? So many words 
have three syllables but that is all. Minaret is not right, of course" (Ss). 

Only one O (Mc) had no acquaintance with the word. Gl and St had heard 
of it but had no knowledge of ita meaning. Ke had heard the word until it was 
familiar enough to read directly into the verse, but he was not clear as to its 
meaning. ‘What does ‘peristyle’ mean? It fits according to the rhyme and 
metre but I do not know what it means.” 

The third verse, the Italian sonnet, was selected for its definite and unchange- 
able rhyme-scheme and metre. Anyone knowing the sonnet form would have 
no trouble in analyzing the rhyme-ending and the exact number of syllables 
required. As a matter of fact, no one of the Os analyzed the metre to determine 
the number of syllables lacking. In reading the verse there seemed to be a feel 
for the correctly syllabled word, probably due to the familiarity, formally recog- 
nized or otherwise, of all Os, with the sonnet form. 

Two Os, Mc and My, inferred the rhyme from the form. “Oh it is ‘band.’ 
I have written too many sonnets not to get that, abba,abba,od,cd,cd”, 
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(My). Mc supplied ‘band’ and said, “It is the Bonnet form and. I knew it would 
have one of the ‘and’ endings," but added that the rhythm or metre pussled 
him at first. “The rhythm does not seem to be any good. This tended to.upset 
the rhyme-scheme." : 

The others without recognizing the sonnet orm gave some reason for their 
choice of a rhyme. “I knew it had to rhyme with ‘understand’ because before 
it had been ‘hand,’ ‘flown’ ‘sown,’ ‘land,’ and ‘understand,’ ‘known,’ ‘alone;’ 
must be ‘band.’ It naturally falls into first and last, second and third rhymes. 
I divided the thing into quatrains, and ‘band’ just came like that" ( Ke). - 

Ke and My supplied the proper word from the requirements of the rhyme 
and metre. The sense was not considered excep; in so far as it did not contradict 
the word supplied. The others obtained the word through a consideration of 
the meaning. “I looked then at the sense and ‘band’ came" (Mc). “Oh, ‘us,’ 
that makes it plural. ‘Have driven our perverse and aimless band’” (GI). 
“ ‘Band’ is the most reasonable word. ‘Land’ and ‘hand’ do not fit so well. A 
lend is not driven generally. The ue ia DOU just an editorial ‘us’ because it says 

‘our life’ and ‘sick hearts’ ” (Si). 
The fourth verse was chosen for its irregularity of ee All Os 

read the word ‘you’ into it, more from a sense of the demands of the verse as a 
whole than from any one variable, such as the meaning, the determination of the 
metre, or the feel for the rhyme. This waa obvious in the comment of Ke, “T . 
do not know why I rhymed it with ‘through.’ ‘You’ just came like that and it 
just heppened to rhyme with ‘through.’ I did not definitely try to rhyme it 
with anything.” “It is the sort of poem addressed to someone, ‘friends no worse 
than some person’ and it has to rhyme with ‘through’ ” (Si). “It would not 
look well rhyming with 'earth; besides, this is the usual way it rhymes. It 
means something to rhyme it with-‘through ’ and it did not mean anything when 
I sought for a rhyme for ‘raining’ " (My). 

The rhyme played a major part in the search of Mc for the correct word. 
“When I came to the third line I noticed ‘mirth’ and thought of ‘birth’ but 
when I met ‘earth’ I knew it would not do. It was a closed couplet. Also it 
. would not rhyme with ‘raining.’ ‘You’ came and fitted in the genge." Here a 
very cogent reason was given for not having a consecutive three-line rhyme, 
but no reason at all was set forth for chaosing a rhyme for the second line rather 
than the first. An aesthetic element, a feeling for what is.most pleasing, seemed 
to enter here; for instance, "I do not know why I think it has to rhyme with 
‘through,’ but it sounds better and brings the poem to a close” (S1). 

In the last verse the meaning played the leading rôle in obtaining the absent 
word. ‘The sense decided me in favor of the “fritillaries’ rhyme” ( Ke). “The 
brooks suggested Thames’s ‘tributaries’ " (GT). “I tried to do it by the sound 
but could not do so. Then I took the sense.and sought for the relation of brooks 
to the Thames” (Si). “It filled up the sense cf the sentence and rhymed with 
the unusual word ‘fritillaries’ " (My). 

Although the meaning was the surest means of obtaining the' correct word, 
the rhyme was given a fair amount of attention. There was very little uniformity 
among Os on this score, although all of them supplied the correct word. Two 
of them attempted to rhyme the word otherwise than with ‘fritillaries.’ “I did 
not know when I first read it whether the ward to supply would rhyme with 
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‘trees’ or with ‘fritillaries.’ . . . I knew it rhymed with that word because no 
one would use a word like that unless he were using it for a rhyme” (My). 

Mc was the only one to differ markedly from the other Os. Whereas they 
laid the major emphasis on meaning and only minor emphasis on the rhyme, 
with none whatsoever on metre, he gave prime importance to the consideration 
of rhyme-scheme, secondarily considering the metre, and, as a last resort, the 
meaning. “As I read it, it flashed through that it might be a sonnet. Then 
the line ending with ‘tree’ showed it not to be that. ‘Tree’ rhymed with ‘be.’ 
All the other lines are complete couplets and ‘fritillaries’ stood out alone without 
& partner." Then he read the line ending in ‘fritillaries,’ rhythmically beating 
his fingers on the table. “ ‘Fritillaries,’ two trochees.” He read the last line 
also moving his fingers to the rhythm, '"T'wo trochees there, too. ‘Tributaries.’ 
I was not sure of the exact word required. What could the Thames have that 
I might know? ‘Capillaries’ came but it was not the right one. Then ‘tribu- 
taries’ came in with a click, not logically.. I was too much concerned about the 
structure of the word and too little about the meaning." 


Results. Apprehension of the material was followed by a period 
of search which varied from a general diffused type, where the feeling 
for what was suitable to the verse as a whole was considered, to a 
more concretely objectified search as requirements relative to rhyme- 
scheme, metre, meaning, and part of speech were analyzed and com- 
mented upon. Inspection-and-comment was a function much used. 

Lack of vocabulary or a faulty apprehension of the literary form 
were inhibiting factors. 

(b) Group Os. Copies of the first and fourth examples were 
presented to members of the groups. 


Instruction. Here is a verse with one word lacking. Supply the correct 


word. i 
Questions (1st seleciton) Yes No 
I. Are you familiar with the word ‘Elysian’? 47 53 
2. Did you read the verse as if you were scanning it? 69 3I 
3. Did you count the number of syllables required? 45 55 
4. Did you try to rhyme the word with ‘vision’? 96 4 
5. Did you try to rhyme it with &ny other word? I5 85 
6. Did the meaning suggest the word? 35 65 
7. Did you supply the word and then test it by the m T 24 76 
8. Did you name words ending in the 'ision' sound is tted 
the rhyme but not the meaning in your search for the 
T sy word? 80 20 
9. re you gure of the word which you supplied? 29 
IO. Was certainty due to the fitness or suitability of the 
word? 28 
Ir. Make other comments on how you went about supplying 
‘the word. 


Twenty-nine percent of the Os supplied the correct word, 38% left it blank, 
while 43% supplied various words with a more or less correct rhyme but, for the 
most part, lacking in meaning. These words were identical to a great extent^ 
with the words named over in the search for the proper word by the individual 
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Os; for example ‘decision,’ ‘oblivian,’ ‘elision’? On the other hand, some of the 
words supplied were imperfect as to rhyme, but she meaning suited the context. 
Such were ‘Stygian,’ ‘Elysium,’ ‘eternal,’ ‘arisen.’ The O, when he did supply 
& word, based it on his apprehenston of what was recuired and his inspection of 
the conditions. It is interesting -o note that, whereas 72% of them supplied 
a word, only the 29% who gave “Elysian reported a certainty concerning the 
word supplied. 

The reports from the last question parallel reports from the individual Os. 
“Meaning, rhyme, and number of syllables -eft no doubt in my mind that 'Ely- 
sian’ was the correct word." “TI cculd thmk only of ‘eternal,’ but I knew it would 
not fit. I tried to get a rhyme with ‘visior.’” “T finally tried ‘Stygian’ from 
the river Styx. I did not like it, dut could think of no other." “TI took all the 
letters of the alphabet and tried —utting them m front of ‘ision’.” "I knew it 
needed an adjective, but I could net think of any that fitted. I did not know the 
word anyway." 


ipee (4th selection) Yes No 
: Did you read ‘you’ into the blank immediately? 78 -22 
i Dio you ey TE e the word with any other line than the 
one sing ta in ‘through’? 26 74 
3. Hn to get tho word did 1 rame over other words 
e ira M. ‘oc? gzund 25 75 
4. Dit P» determine the “number " syllables required? 47 53 
5. Did the meaning suggest the word? 74 26 
6. Did you supply the word and test 15 by the meaning? 17 83 
7. Were you sure of the word you supplied? 71 29 
8. Was this sureness due to the suitability of the word as regards 
rhyme and meaning? 72 28 


La 


Report anything about you: ee process that these ques- 
tions have omitted. 


Nirety-one percent of the Os supplied the word ‘yow in the blank; 2% sup- 
plied other words obviously unsvited to anything except, perhaps, the rhyme; 
and 7% left it blank. 

It ig evident from the reports that cha Os were self-instructed from cues 
gleaned from the first verse and the questions concerning it (ocsasion). “My 
first step was to look for the rkyme-scheme. There were three possibilities, 
though only two (rhyme with fir& or second line) were likely. Then I read the 
verse for the meaning and ‘you’ came at onze. It-was unnecessary to count the 
syllables. The metre was too obvious." ‘The solution was very simple. After 
reading the verse, the word ‘you’ “ollowed immediately to completa the meaning. 
Then I tested it for metre and fcind that it fitted.” 

The majority read the word di-ectly into the blanx. '"There was no conscious : 
effort to think about what word vas necessary. There was no recognition of the 
rhyme. It merely was the immediate cognizance that ‘you’ would rhyme and 
fit witnout any other qualification.” “I tried to supply a word that coincided 
with the spirit of the lines." “A decided sense of satisfaction prevailed through- 
out the process because of the fdt fitness of the word immediately supplied at 
the first reading." 

The uncertainty attendant upon some who supplied the correct word was 
explained as follows: “The word ‘you’ did not seem to fit my idea of the sense 
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I would like the verse to have, so I was not sure of it." “ ‘No worse than you’ 
sounds quite sarcastic. The word was evidently ‘you.’ However, I could not 
see the meaning when used with ‘worse’.” 


The procedure here consisted in an apprehension of the meaning 
of the verses accompanied by search for the word most suitable to 
the rhyme and meaning or to the stanza as a whole. Individual 
variations occurred in the bases given for supplying the word Some, 
sought for a word to fit the meaning first, others to fit the. rhyme 
while still others supplied it from both rhyme and meaning, or from 
a sense of fitness to the whole. Lack of an apprehension of the 
poetic form was an inhibiting factor. To some the occasion was a 
poetic construction; to others, a non-aesthetic verbal exercise. A 
wide range of occasional instructions appeared. 


INTERPRETATIONS AND CONCLUSIONS 

Throughout the course of the experiments we have constantly 
looked for ‘insight’ under its various alleged forms. In the first 
three problems, which encouraged ‘insightful’ discernment and recog- 
nition of available materials (beads and cork-in-bottle), we turned 
up various forms of the apprehensive functions operating to recognize 
tools and instruments in an unusual setting. There occurred two 
approaches toward .solution, one involving the perceived applica- 
- bility of the available instruments to the occasion offered, and the 
other the applicability of an instrument after reaching an imaginative 
solution of the problem set by the formal instruction. The first 
approach involved search together with perceptive apprehension, 
both extended by inspection-and-comment. All these psychological 
functions were induced and guided by occasional and self-imposed 
instructions as well as by a rehearsal of the problem as formally 
proposed. In those instances (both individual Os and group Os) 
where search led to an imaginative apprehension which devised 
promising instrumental means of solution, the actual application of 
these means was either itself imaginational (as in the non-executing 
groups) or actional (as when the individual, having once conjured 
up means, turned to the table and demonstrated his solution). In 
both cases, the protocols instanced under Problems 1, 2 and 3 will 
reveal the very large part usually played by verbal comment in O's. 
progress toward the solution. Just what takes the place of this 
comment where children, apes, and rats are wanting in linguistic 
resources is too often covered up by the ambiguous term ‘insight.’ 
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These first three problems also reveal some special procedures 
which are likewise often disposed of in the same way. We may. cite 
the O who, after handling the beads of Problem 1, laid them down, 
leaned back, thus bringing tke pliers within his range of vision, and 
apprehended them as means of solution. | If there was ‘insight’ here; 
it was obviously an extension of the apprehensive functions plus 
inspection-and-comment. We may approach more closely the actual 
organic resources of solution =n such a ease when we observe that the 
enrichment of the apprehens on was obviously due to the preceding ` 
search and comment, under appropriate instructions of all our three 
kinds, formal, self, and occasional. Having determined these essen- 
tial conditions, the addition of an alleged act of DIEN would seem 
to be superfluous. 

In Problem 4 were the mutilated and denned Rs, with a gradual 
approach from nonsense-forn to the standard letter. The formal 
instruction to identify each form as it oame tended toward configu- 
ration, taken in the non-technical sense. The initial perception 
together with this instructior set up a puzzled search which led first 
to a family likeness among the forms as they came along, secondly 
to the perception of figures, animals, and the like, and finally (usually 
at the seventh and last member) to the symbol R. Thereupon, in 
retrospect, all the members had become (imperfect) Rs. The succes- 
sive appearances (which were at times ‘sudden’) might. be called 
‘insights’; but, more descripfively, perceptive changes under formal 
and occasional instructions ard a puzzling search, the search gradually 
becoming informed and directed as the series progressed. One 
moment in the occasion (the prone letter) tended to block under- 
standing (the symbol R) untl the letter was practically complete in 
linear form. The occasional flashing out of the R would be called 
by some an insight; but with as little justification as the earlier. 
perceptions. 

Problem 5 called for the tracing of the rectangle and inscribed 
figure, with and without a ventral diagonal (see Fig. 2). Æ had 
meant to invent a problem in which t-ial-and-error should be supple- 
mented by something which might be called "insight. As a matter 
of fact, the combination of occasional and formal instruction led 
chiefly to inspection-and-conmment instead of to a headlong tracing 
of the lines with the red pend]. Our 9s proved to be neither Thorn- 
dikean cats nor Kéhlersche Affen. Upon comprehending the instruc- 
tions and perceiving the figure, they set about, under inspection-and- 
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comment, to solve the problem. Imaginational apprehension played 
its part and so did search and various simple forms of action. At 
times a failure to solve led to a new direction of search and to a new 
plan. As the tracing (actual or imagined lines) proceeded, the 
occasion. was modified, and in turn modified—by its new instructions 
to the organism—further procedures. This may be called trial-and- 
error;.but it is certainly not the blundering and blind ‘mechanics’ 
of the older maze-experiments. The addition of the diagonal made 
the task more difficult and called out more verbal comment and 
self-instruction; but the general procedure was the same both with 
individual Os and in the groups. The added line decidedly changed 
the occasion which faced the organism and made new demands upon 
resources and functional expedients. Where there is an occasional 
‘aha!’ in the protocols, it may be set down among many comments 
upon the course and terminus of a search. It should be noted that 
the ‘aha!’ and the ‘flash’ (dear to the champions of closure) were no 
more in evidence at the final solution than at various steps along the 
way. Here that form of the behaviorist’s fallacy which interprets 
performance out of the experimenter’s own thoughts and fancies is 
obviously to be discouraged. 

In Problem 6 were the pill-boxes and the hidden cotton. The 
intent of the arrangement was to induce a situation where many 
possibilities offered. This intent was realized. O devised a plan 
when the boxes were presented and the formal instruction read. 
Upon the formulation of the plan (“I shall begin from the left,” 
“Til try even numbers," “I must find hidden markings,” and the 
like), the search changed from an indefinite thrust “to solve" to 
“this is my way of hunting.” Failure to find led to comment, to 
imaginative forecast, and to a-new plan. As the cotton was found 
and replaced, the specification of method made memorial use of past 
success. The occasion changed, the self-instruction changed, inspec- 
tion-and-comment grew; but the search went on. Itis a good instance 
in little of scientific observation and the gradual elaboration and 
correction of a theory. Our commentaries throw much light upon 
this complex functional procedure. While many functional resources 
of the organism were called forth by the problem, the most notable 
and outstanding was comprehension, in the sense of understanding 
or grasping-the-significance-of. Surrogative means doubtless. exist 
in various animals for problem-solving where plural choices offer 
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without perceptive cues, but our commentaries make it abundantly 
evident that comprehension was the central resource in all our 
human Os. 

The three-dimensional corstruction with the matches was called 
for in Problem 7 and the spelling of “perplexity” in Problem 8. Both 
exercises are of the ‘puzzling kind. Both involve a certain spatial 
arrangement where something bars the way to solution. In the first 
itis the lay-out on the plane aurface: in the second, it is the ordinary 
left-to-right set-up of letters in & word. Under this handicap to 
success, search and inspectior-and-comment-go on. The outcome is 
a manual construction. Where O succeeded (there were many fail- 
ures), some chance change in the situation led to the match-solution, 
and the discovery that the initial “P” (in “perplexity’’) could not be 
moved from the right end of zhe slot led to the word-solution. Free 
trials were abundant in these puzzles; but free trials under comment, 
which tended to advance the problem toward solution. This is 
rather ‘trial-and-advance’ than ‘trial-and-error.’ There is nothing 
new here to suggest a unique operation of ‘insight.’ It is informing to 
observe how easily wont, habit, or the aceustomed prevents those 
functional accomplishments hich would lead on to invention and 
discovery. It appears that man’s functional resources are much 
greater than his actual accomplishments. l 

In Problem 9 again (the barlesqued soliloquies) the organism was 
misled so far as verbal unders-anding was concerned. Understanding 
there was, from the outset, but of individual verbal symbols which 
did not integrate into a linguistic and aesthetic whole. Ifthe ultimate 
emergence of such a whole, in a strange context, demands ‘insight,’ 
then our Os showed that tiey possessed that gift. Flashes and 
illuminations were absent, however; and our theories did not lead us 
toward ‘closures.’ What littls clear perception there was was chiefly 
buried under a constantly shif-ed comprehension which first integrated 
small groups of words, then arger, end finally (in many cases), the 
entire Shakespearean text. Underlying these progressive compre- 
hensions were self-instructions constartly warring with the occasional 
instructions and fed by a search which changed its direction when 
inspection-and-comment brcught tbe hint ‘this is a significant 
passage. It is a fine case of two conflicting comprehensive functions, 
one sustained by visual receotors and the other by auditory. The 
visual is at first dominant; but the auditory gradually gains the 
ascendency by virtue of formal and self-instructions, which promote 
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and direct search. The partial successes and the failures (in E's 
sense!) are quite as instructive as the reports of those Os who read in 
the soliloquies. Here the groups were very informing. They reveal 
the organism working away under the lead of the various instructions 
and using one device after another. Especially do they show the 
effectiveness of the function search, a describable operation distantly 
related to the mechanician’s ‘drive.’ 

Problem xo presented the flask-balloon, and Problem 11 the 
centrifuged shot in the rocker. Both suggested the initial comment 
‘puzzle to work!’ which set off a fairly simple action-train (inserting 
the balloon, tipping and rocking the shot). Failure to carry out the 
formal instruction usually led to long inspection-and-comment with 
interspersed actions. The special resource demanded by the occasion 
and the formal instruction was a formulated principle or ‘natural lew’ 
(air pressure, ‘centrifugal force’) and the comment ‘This is a case 
of... This is commonly called ‘the applying of physical knowl- 
edge.’ ‘Knowledge’ in this situation involves the inclusion in com- 
prehension of a generalized rule and the comment that the rule applies 
here. The mere grasp of the principle is not enough. Understanding 
must fit it to the occasion. Occasional and formal instruction are not 
sufficient for a solution. Our commentaries and our group-question- 
aries show in & very striking way the functional modes involved in 
the solution, wherever the solution actually took place. These 
problems are probably more difficult for our Os than any preceding, | 
in the sense that more functional devices and resources of the organ- 
ism, combined in more subtle combinations, were called out. We 
might ignore the whole procedure and simply label the means ‘insight’; 
but that would be to give up the central psychological problem. It is 
obvious that our problems of this sort only touch the surface of these 
important human procedures, which call loudly for searching ex- 
perimental study. 

In our last two problems, Problem 12 (discovering and completing 
a number-pattern) and Problem 13 (completing a poetic stanza), the 
presented occasion contains within ttself the means for completion 
(i.e. omitted final number, omitted final word). It contains it, how- 
ever, only when the occasion is for the solying observer a number- 
pattern (first problem) or a poetic structure (second problem). Here 
appreciation of pattern or form takes the place of outside physical 
principle and application in the two problems just now reviewed 
(10 and 11). Our commentaries and the replies to the group-ques- 
tions throw a good deal of light upon the means (oecasional and self- 
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instructions, search, comment, understanding and imaginational 
apprehension) which supply-—and also fail to supply—the required 
solution. Search (for a pattern) and oncasionel instruction leading to 
comment were the chief means used in Problem zo. It is obvious that 
the discovery of pattern in the first series helped to define search. in 
the second series and so led teward ths goal. 

In Problem 13 the temper and training of O were important. 
Without an appreciation of m2trical farm and of poetic phantasy, the 
Os usually found it impossible to secure the correct final word. Here 
we come upon the important distinction between occasion-for-the- 
observer and the ‘stimulus’ az set up or assumed by the experimenter: 
It is only the former, that-which-is-presert-for-the-organism, that is 
of primary significance to the psychologis:. "Where the O poetically 
understood, the formal instcuction set a definite search and led 
(through the intervention of self and occesional instruction, inspec- 
tion-and-comment, and imaginational apprehension) to the missing 
word.. A limited vocabulary sometimes defeated the search. Our , 
group-results are of especial importance in this problem because they 
have helped us to discover by inquisition the relative uses of rhyme, 
metre, rhythm, vocabulary, poetie appreciation, and other factors, in 
attempting to solve the problem. Lesz than one-in-three of the group- 
members found the missing word 'Elysian' under the restrictions 
imposed. The fourth seleczion proñted (91% of the group Os 
supplied ‘you’) from the earlier solutions, and it was also simpler 
and less dependent upon the appreciative abilities of the individual. 
Again, this experimental fragment only touches the surface of a large 
problem, the discovery of the psychologicel means resorted to by the 
adult and literate organism in selecting and verifying ‘the suitable’ 
in & poetic sense. 


We began by listing variois ways and contexts in which the term 
‘insight’ has been recently used. Were we to review our own com- 
mentaries and the answers to pur grou»-inquiries, we could easily find 
instances of the following sozts to which we might apply the word 
without very greatly extencing it beyond its present uses. The 
instances are: (1) perceptive apprehension extended on the side of 
use and means, (2) perceptive apprehension accompanied by imagina- 
tive revaluation, (3) anticipative imagination, (4) comprehension of a 
solving generalization, (s) eudden drop in learning-time, (6) re- 
_ apprehension of experimenta. material under occasional instruction, 
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(7) eomprehension of & general principle and its applicability in & 
specific instance, (8) apprehension of a total pattern-arrangement or 
of particular relevant features in the pattern, and (9g) comprehension 
of a constructive scheme, of the rules or canons of an art, or of the 
natural relation between presented objects. 

The fact is that the further experimental description and func- 
tional analysis go in the directions taken, the looser, the more ambigu- 
ous, and the less satisfactory the term ‘insight’ becomes. Its recent 
revival in psychology has been natural if not inevitable—as we saw 
in the beginning of our study—; but there would seem to be no longer 
any sanction for its varied and uncritical connotations. Under 
arbitrary definition it may serve for some time as a label for certain 
behaviors in rat-running, primate-manipulation, and school-accom- 
plishment. Asa cause and explanation of these behaviors, insight will 
probably be less and less appealed to in factual and experimental 
contexts. 

Our own procedure in the problematical situation used has been 
(1) to present a definite and solvable problem, (2) to provide a brief, 
unambiguous, and constant formal instruction, (3) to employ trained 
and untrained observers, individually and in groups, (4) to determine 
by report and interrogatory® a descriptive account of the psycho- 
logical functions brought into play, together with the instructions 
(formal, occasional and self) and other antecedents which threw the 
functions into commission. 

The functions most frequently and effectively found in our solu- 
tions have been search, the three forms of apprehension (perceptive, 
memorial and imaginational), inspection-and-comment, and com- 
prehension. In the examination of our descriptive material we have 
found no characteristic process, operation, form of conditioning or 
mode of discovery, which we could with propriety ieee as 
nt : 

dnd A dde T dps formed and interrogated after & given dine xs 
been stu the elaborate diues of trained individual observers. Onl 
in this order sould an ups be sensib neil and usefully questioned, and only af 


could the individual and the grouped ta be reasonably compared. We found 
this form of group-observation extremely informing. 


FREE WORD ASSOCIATION AND SEX DIFFERENCE - 
By H. G. Wrart, Stenford Jniversity 


A familiar disadvantage of the free word association exercise 
for dieclosing personality tra-ts is the time and trouble involved in 
manipulating the data. The question to be considered here is 
whether a free word associdtion exercise of the ordinary kind, in 
which the stimulus-word is exposed and the subject records the 
first associate that comes to mind, can yield equally valuable and 
significant results from an abridged as from an elaborate procedure. 
But opportunity will also be taken to summarize the sex differences 
in. ‘interest’ which the association exercises used in this inquiry 
disclosed. 

ae AND PR3CEDURE 7 UT 

Subjects and materials. To astempt an answer to the main question the 
contents of two parallel free agsocation exercises, each containing 110 stimulus- ' 
words, were scrutinized. The firet exercise (Exercise A) was given to 452 Ss, 
75 of each sex being obtained from the sevanth grade, 87 from high school, 26 
from. college, and 35 from businese. The second exercise (Exercise B) was given 
to other groups aimilarly derived. and-to 510 &s, in numbers respectively 80, 
87, 53 and 35 of each sex. 

The two lists of stimulus-worcs are given below in the order in which they 
were given to the Sa. 


Exxncmm A Exercisn B 
Chair Sixteen Mother Table Wedding Skirt 
Green Nasty Play Blue 
Wind Social Toad Anger Filthy 
Carrot Bare Thin Ereast Necklace ^ Society 
Letter Knight Paint Kain Color Propose 
True Sneak Lover Turnip Rodeo Ring 
Cellar Strong Darkness Promise Saf Naked 
Body Memory Art ‘Gentle Religion Castle 
Despise Mate Electricity EBook e Build 
Fight Save Fure Battle Mouse 
Face Birth Kill Fame Maiden Cheat 
on Hunt Youth Eoss Virtue Athlete 
t Eam Kiss Kitchen Want Love 
ul Hug - Soap Fl Embrace Foot 
Gun Stage Slender Tomboy Wash Feeli 
Cheek Policeman Desire Give Shoulder Fellow 
Taste Leg Rooster . Closet, 
Escape ' Angel Cry uu Fink Ankle Bold 
Proper Fun Skin Faithful Wish . War 
a ET for UR Marah 9, 1931. This study was made possible by a 
E m the committee for research in problems of sex, Netonsl Research 
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Marriage Vain | Leader Automobile Duty Bab 
Diamond reed as Ideal Hair Female’ Darli 
Pink Cur Submit Flirt Bell Scream 
Worship Fear Lily Blush Wee Pain 
y Mouth Charm Form Picnic Money 
Honor Clothing Moon Delicate ueeze 
Curse Rude Modest Waist Clothes 
Throat Hips ent Child Hero Actor 
Secret Success B Bull Fair Protest 
Sacrifice Tender Make Hunt Garden Knee 
Male Ambition Passion Fresh Physical Devil 
Party Snake Enjoy 
8 Garter Stout Power Jealous 
Brave Gift Dare Fashion Home Shop 
Flower Immoral Beloved rhc Dimple 
Rule Machine T Powder Magic Afraid 
rena Shame Sweetheart Hand Lips 
1 t 


The Ss were directed to write down ‘the first word’ the word shown ‘makes 
you think of,’ and the stimulus-words were exposed at 10-sec. interval. 

Procedure. Since the main object of the study was to determine the most 
convenient and economical method of handling the data, the method of extracting 
Bex differences was purposely varied with different groups of Ss. First, the 
associations of the business group of Ss taking Exercise A were subjected to a 
somewhat meticulous analysis; and then the responses of the other groups in 
that series (the grade, high school, and college groups) were examined afterwards, 
but on a slightly different plan. Then the associations of Exercise B were gepa- 
rately analyzed for the different groups. We shall refer to those as Analysis 4’, 
Analysis A, and Analysis B, respectively. 

Analysis A’. The responses of the 70 Ss of the business group were treated 
as follows. The rro stimulus-words were divided into five groups of which 
Group I contained words referring to the body and its parts, e.g. body, face, 
cheek, throat, limb, leg, curl, mouth, hips, figure, skin, arm; Group II, to sex, 
e.g. bare, beloved, birth, desire, hug, immoral, kiss, lover, longing, marriage, 
male, mate, mistress, passion, spoon, thrill, vain; Group III, to plants and 
animals, other than man, e.g. carrot, flower, lily, worm, rooster, toad;. Group 
IV, to emotionally exciting words (not already classified above) e.g. bashful, 
ery, curse, fear, ill, kill, secret, shame, flight, escape, darkness; and Group V 
contained the remaining words, classified as miscellaneous. 

It should be noted that the basis of classification was psychological, rot 
logical—for instance, the reason for including ‘spoon,’ ‘immoral,’ and ‘desire’ 
with sex words was that the words seem provocative of thought about sex, not 
that their dictionary meanings are primarily sexual. Similarly the word ‘ill’ 
refers primarily or commonly to a bodily condition, but was included as emotional 
because illness commonly influences markedly one’s emotional condition, and 
the thought of illness is likely therefore to have marked emotional associations. 
Of course a precise psychological classification is impossible—no one can be sure 
of striking the average mental effect of any word, and the effect varies with the 
individual affected. On the other hand one may easily exaggerate this difficulty 
—the reader will probably agree that the word groups above do constitute suffi- 
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. ciently distinct pevehelogisal classes to jusufy one in attributing any marked 
differences between them.in the kind or dist-ibution of associates aroused to the 
class character. 

For the purpose of this analysis single-frequency associates, 4.6. words aseo- - 
ciated by one S only of the sex in question with the particular stimulus-word, 
were first set aside; and then the rest of the associates, 1.e. the multiple-frequency 
&sBociates, were ‘arranged, for each in turn of the 5 groups of stimulus-words, in 
order of decreasing frequency of response. Thus a frequency or popularity 
order of associates was obtained for each sex with every stimulus-group. 

The single-frequency words were also ranked for each sex in order of decreasing 
frequency. An associate single to a given siimulus-word with one sex might of 
course often occur with that sex in response to other stimulus-words, and be 
multipls with the other sex. 

A small minority of the responses, those in' which the sexes most contrasted, 
were studied in their sssociation-context, that is, in relation both to the stimulus- 
words.to which they were responses, and to ‘competing’ associates with the aame 
stimulus. 

In this way sex differences were elicited from the 5 different classes of stimulus- 
words; and, with each of these 5, for 3 diffsrent classes of responses: multiple- 
frequency, single-frequency, and sex-contras-ing responses. Intercomparisons of 
the results would, it was hoped, suggest whether end under what conditions a 
proportion of the responses—the single-frequency, or even all but the sex-con- 
trasting responges—might be safely ignored in deriving significant sex differences, 
thus preserving efficiency while saving labor. 

Analysts A. For the next analysis the records, under each of 110 stimulus- 
words, of the words associated and the numbers of male (M) and female (F) Sa 
recording each associate were arranged in s3parate columns for the grade, high 
school, and college Ss. 

The stimulus-words were divided into 5 groups as for the previous analysis. 
Every group was then searched successively for associates of 13 psychological 
classes, which had been suggested from evidence obtained elsewhere: viz. words 
referring to (1) body parts; (2) dress; (3) personal adornment; (4) persons or 
people; (5) aesthetic attributes or appraisal; (6) colors; (7) activity and adven- 
ture; (3) outdoor phenomena; (9) social activity; (10) religious’ observance or 
literature; (11) highly emotional states or exciting objects; (12) economic activi- 
ties; and (13) foods, culinary operations and occupations. 

In determining the class of an associate it was necessary to have in mind a 

fairly, but not too, rigid definition of the class concerned, but there were usually 
doubtful cases—more so with s class like ‘social’ and ‘emotional’ than for a 
concrete class like ‘dress’ or ‘colors.’ Is ‘complexion’ psychologically a part of 
the body, or ‘evil’ a religious word, or is ‘Tish’ to be considered a food? “The 
same word may vary ita class with the context (especially with the stimulus- 
word) and with the individual S, and the examiner may also vary on occasion 
in the strictness of his censorship. Examples of each class are given in Table I, 
to which may be added the following comments on some less self-explanatory 
classes. 


iFrom an PESEE of sex differences conducted by Professors L. M. Ter-: 
man and C. C. Miles about to be published. 
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Two classes crossed but did not coincide; namely, the 'activity and adventure' 
and the ‘outdoor’ classes, e.g. ‘gate post’ and ‘tree’ are confined to the latter, 
‘murder, and ‘fire’ to the former. The ‘activity and adventure’ class included 
names óf heroes and adventurous types (robber, knight, King Richard), verbs 
indicating physical activity or prowess (jump, hike), names of articles used 
adventurously (gun, aeroplane, but not automobile), dangerous conditians, 
daring occupations, and travel (rodeo, ship, but not hotel). 

The ‘social’ class comprised words implying fellowship or voluntary social 
mixing (friend, good fun, society, but church is marginal). 

The class ‘religious’ comprised words characteristic of sacred literature 
(Abraham, angels) words of religious as distinct from ethical connotation (evil, 
sin, holy, but not virtue, vice, or good), words for religious institutions (God, 
devil, Easter), and words of religious ceremony ar practice (altar, hymns). 

In the ‘emotional’ class fall words which signify emotions, or states or ob*exts 
which commonly excite emotions or feelings of pleasure or unpleasure, as distinct 
from mere physical pain, (lonely, dearest, desire, hut not wish as it is too gereral 
and weak). 

Among the ‘food’ nouns several words (vegetable, rabbit, turkey, eggs) 
proved marginal cases where outdoor or animal life interests might seem to 
come in. 

The numbers of each associate for each sex for each educational stage (grade, 
high school, college) were collected, and the results were tabulated separately 
for multiple-associates and contrasting associates, single-associates as already 
defined being omitted from this analysis. 

It was thus possible to examine wita the larger group, as with the 70 adults 
in the previous analysis, the relevance of different classes of stimulus-words to 
différent classes of sex difference, and in this case in addition the relation of age 
or educational stage to Bex differences; and to cneck how far with differently 
. sized groups one might safely disregard lower multiple frequencies. 

Analysis B. With the third group of 510 Ss (255 of each sex) the stimulus- 
words of Exercise B were used. The procedure was slightly amplified. As 
regards the classification of responses ‘personal’ £asoci&tes were divided into 3 
subclasses, for names of females, males, and persons of either sex indifferently 
(neutral); while to the 5 classes of stimulus-words was added a sixth, ‘names of 
persons’; and the miscellaneous or unclassified residue (55 stimulus-words) were 
subdivided according as they were nours, verbs, or adjectives. There were thus 
8 instead of 5 classes of stimulus-words: 5 psychological and 3 grammatical. It 
should be noted as regards sex-contrasting responses that in the other analvses 
& response was considered sex-contrasting when the response frequencies of the 
two sexes differed by 3 or more. In the present analysis this basis was retained 
for the two smaller groups of 52 and 70 Ss respectively, but for the grade group 
of 160 a sax divergence score of 4 upwards, and for the high school group of 174 
of 5 upwards was required to constituce sex contrast. 


RESULTS 


Sez trends disclosed. Before proceeding to our main inquiry we 
summarize the sex differences in association trends gathered from 
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the results of the three analyses. In Table I, which follows, Exercise 
A was given to 35 business adults of each sex (Analysis A’), and to 
191 academic Ss of each sex (Analysis A}, and Exercise B to 255 Sa, 
business and academic, of each sex (Analysis B). 


class 


(2) Dress 


(3) Personal 


. adornment 


(4) Persons or 


people 
(a) female 
(b) male 
(c) neuter 


(s) Aesthetic | 


(6) Color 


(7) Activity and 
adventure 


(8) Out-door 
(9) Social 
(10) Religious 
(11) Emotional 
(12) Economic 


(13) Foods 


*Analysis A’ for this group. 
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N(M) 


VARIOUB CLASSES OF ÁSSOCIATE WORDS 
Associate Analy- High 
gis de School 


(1) Body parte A N 


Examples 


neck, limb, nerve, 
hand, teeth, hair, 
face, body, flesh. 


Mary. 
boy, man, father, 
usbend 


' people, children, baby, 
F f teacher 


riend, 
pretty, beauty, 

graceful, piano, pic- 

ture, o art, 


rod, wiler golden, 


olor, black. 


dive, war, kill, hunt, 
bris rodeo, 
robbers, t. 

auto, snake, snow, 


devil, saint, holy, 
Bible, righteous. 

ecstasy, good time, ad- 
mire, happiness, fear, 
anger, longing. 

money, cheap, work, i 
counter, wages, pen : 
dollars, earn, sale. 

eats, coffee, soup, 
chicken, ice cream, 
sugar. 
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The letters ‘M’ and ‘MM?’ or ‘F’ ad ‘FPF’ signify distinctive, and 
markedly distinctive, male or female tendencies. Parentheses 
signify that the predominance is probably non-significant, and ‘N’ 
that there is no distinctive sex tendency. 

The differences in sex preferences for different classes of associate 
words are summarized i in Table II. Tug summary shows that though 


TABLE O | 


SUMMARIBING Sux PRxFERENCH or THE Frau (GROUPS FOR 
`~ CDrurmgEsNT CLASSEB OP ASSOCIATE Worps 


“Associate. $ . . Sex Trends 
: Clase . FF: E -.MM M N 
(1) Body paris. 1 4c o: 2 I 
(2) Dres — .. I I O I 5 
(3) . Personal adornment I 0^ '0 o 7 
(4) „Persons or people 0 I o 4 3 
(a) females 0 0. I 3 o 
(b) males o o 0 2 3. 
(5) Aesthetic . I 4. - O 0 3 
(6) . Color l 3 2 o 0 3 
(7) _ Activity and adventure O o- 2 4 2 
(8) . Outdoor : o. o o 7 I 
(9) - Social 0 o 0 o 8 
(ro) —  Religous ` 0 0. o o 8 
(11) Emotional 2 I 0 I 4 
(12) Economic o o o 2 6 
a3) - Foods ~ o 1 2 2 3 


there is no class of associate or response words scoring the same 
positive sex trend in every group of Ss for both the d D 
that is, scoring eight like positive signs, in classes 3, 5, 6, 7, 8, 9, 
1o, 12, and in 48, the tendency is either neutral: or distinctive of one 
sex only: of the female sex in classes s and 6, less emphatically in 3; 
of the male sex in classes 7, 8, and 4a and less emphatically in class 
12 in which the ‘economics’ trend is too- slight to be conclusive or 
decisive, neutral indices i dng here, as also in classes 3, 9; 
and ro. 

The table. shows the six remaining classes 1, 2; 4; 4b, II, , and 13, 
-ambiguous—sex trends varying according to the group or exercise. . 
But the evidence of the very small Analysis A college group (26 Ss 
of each sex) conflicted with that from the college group twice its 
size in 7 out of r3 cases, and was in other respects singular. For 
example it poored the only M for ‘dress’ associations, the up d F 
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for ‘personal’ and ‘food ‘associations, and the only clear M-for - 
‘emotional’ word. associations. It seems fair to conclude that the 
group through small size or otherwise was unrepresentative; and we 
may take the bulk of the evidence here as indicating a female prefer- 
ence for dress, and parts of the body, and emotional associates. 

Personal associates score M in 4 groups, F in 1, N in 3. ` But in 
a subsequent subdivision (in Analysis B) into words for males, 
females, and of either sex indifferently, it appeared that associating 
females is a distinctive male tendency in every group, there being 
no uniform male preference for the other two classes of persons; 
nor have females a general preference for names of males. 

Moreover, in connection with Analysis A’ the personal associates 
with! 26 sex stimulus-words, if further subdivided, show as follows: 
number of males recording feminine nouns, 73, masculine nouns, 
24; number of females recording feminine nouns 22, masculine 
nouns 42. | | | - 
-This means a very marked male preference for feminine nouns 
and ‘a less marked female preference for masculine nouns; and sug- 
gests that thinking of the ‘opposite’ sex is stronger in males than in 
females, and that not only at the school stage. It also illustrates 
the risk of accepting sex agreements or differences for large classes 
of objects in general without further analysis. An aggregate male 
score for personal names may conceal a special tendency to think 
about girls or women as objects of distinctive sex attraction.? 
| The same need of deeper analysis, if we are to get at the effective 

sex ‘motives, is illustrated by the ‘food’ word associates. These 

score M. or MM in 4 groups, F in 1, N in 3. But, as our discussion of 
sex differences in relation to stage will presently suggest, this need 
not indicate any particularly general distinctive male interest in food. 

Distinctive female associate preferences appear most marked for 
aesthetic and color words, less marked for words fer parts of the ` 
body, for articles of personal adornment, and emotional words; males 
distinctively associate outdoor words and words of activity and 
adventure, names of females, and perhaps (but see below) words 
for foods. Over economic, social, and religious words there is no 
very noticeable sex distinction, nor, in curious contrast with other 
evidence, for words for articles of dress. o4 

‘Further segregation showed that sunta, grandmothers, and sisters were not 


sociated more often by males than brothera, uncles, and grandfathers by females, 
or by males either. 2E 


orar glue. -F 
GE tr eeen j R10 ye mmaa aa m. 

* natin mine aah angie sane on mee neal 
` 4 
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Associates in terms of politics, history, geography, séience, and 
mechanical or manual occupations, occurred too rarely to warrant 
classification or generalization. . l 


Correspondence in results from Exercises A and B. Table I shows 
that out of 13 classes of associates or thought-referents for which 
the sex scores in the two parallel series A and B are tabulated, for 
each of 4 groups of Ss, yielding 52 cases for comparison, in three 
cases the sex trends of the two series are opposed, in 36 the same, . 
and in r3 definite in one series and neutral in the other. In the 26 
cases where the two larger groups are concerned (7th grade with 78 
and high school with 87 Ss of each sex) there are no opposite, and 
there are 22 similar, trends and 4 partially EE (neutral versus 
definite). 

In the 26 smaller group cases 8 (college groups with 26 and 53 Ss 
and a business group with 35 Ss of each sex) there are three opposite 
and 14 similar trends and 9 partially discrepant. Of these smaller 
groups the 26/26* college group, and perhaps the 35/35 business 
group in series 2, seem to be least representative, if consonance with 
& majority trend of the groups in its series be any criterion. The 
amaller college group trend contrasts with the majority trend in its 
series in 6 cases, but the larger 53/53 college group in none. Decrease 
of reliability with decrease in size of. group is what we should expect. 
The evidence of college group B is thus probably the more trust- 
worthy for adults. 


Sex differences in relation to stage and age. "The doubtful trust- . 
worthiness of the smaller groups of older Ss makes stagewise com- 
parisons where they are concerned precarious. Taking the scores 
as they stand the extent of correspondence between stages is summa- 
rized in Tables III and IV. ` . 

Age and stage preferences disclosed. Summarily we may say that 
the two school groups concur in their sex trends on the one hand, 
and the two adult groups on the other, more closely than do adult 
with school Ss (Table IV); that sex differences in religious and social 
associates are negligible throughout (Table I); there is & rather general 
distinctive male interest in female persons but not in personal asso- 
"ates as a whole; and there is a rather general female preference for 
iesthetie associates (Table I). ] 


As regards particular agreements d disagreements the following 
points may be made: (1) A female tendency towards aesthetic 


- "The first number is of male Ss, the second of female. 
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expre&sion seems to characterize the vom stage, and eee 
emotional associates and color words the school stage, in general 


(Table ID. (2) A male preference for male person associates, which : ` 


distinguishes the grade from the college groups, and a more marked 
male preference at the grade, but especially at the high or adolescent 
stage, for words of activity and adventure (Table II) is perhaps 
uc to the JUNE male' 8 heroic anid ‘he-man’ predilections:. 


TABLE III 
: SHOWING AGREEMENT AND DIBAGREEMENT BRTWERN E in Bex Tann ` 
Group . - 7th High College - 
$08 "Grade School 
l High School Concurrence | -- 25 l 
. + Opposition o 
One N, the other M or. F 4 
College Concurrence "ES 13 B. 
ae Opposition .. BEEN. 5 
| One N, the other M or F 11 II 
Business - Cóneurrencé _ > aig I4 . 16 
A . Opposition ^ ` I 4 3 


One N, Mende M or E 15 ] II - IO 


The difference among the various groups, in both exercises, is 
shown i in Table IV. -= 
TABLE IV 


SHOWING ÁSBOCIATE-WORD A IN WHICH - 
. Grovrs Disagree mn Bors Exeecians 


Groups - -  Agsociative classes differing 
Two School Groups : No cases 
Grade and College = - Persons, Aesthetic, i d Foods 
High School and College Persons, Aesthetic `.. 
Grade and Business Persons, Body Parts - 
High School and Business Persons, Colors, aoe Foods 
College and Business . .  . No cases - - 


It is ‘noticeable that the oe groups score more markedly nas 
. than. the college (the more intellectually interested?) groups in these 
respects (Table II). (3) The business group females prefer adorn- 
ment and dress associates more distinctively than the college or 
school females. (4) A strong male preference appears for food" ` 
. words at the school, especially the high school, stage, in contrast 
with:the adult female or neutral tendency. The fact, however, that. | 
‘wine’ scores-21 M to 1 F in association with ‘cellar’. in the high 
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school group, and that many ‘food words are also words js outdoor 
plants and animals suggest that. further analysis of à wider range 
of content is required before we can infer s. distinctive male. interest 
in foods as such: (5) Sex divergences appear more pronounced at 
the school stage than later. - "Out of 58 indices 21 are N or neutral 
for the school groups and 3 5 for the adult groups, while in ro cases 
the distinctive tendency i ig markedly pronounced i in-the school scores, 
and in only 4 cases in the-adult groups. . Average sex divergence 
scores based on the associations considered in our analysis of exercise 
A were approximately 4.2, 3.4 and 2.8.for grade, high school &nd 
college groups respectively, - We will now come to m main object 
of this study. .. x 

Longer and- shorter procedures: iem 7 ) sd A'. Table 
V below: indicates numerically for the business group the extent of 
correspondence in scores and signs of 4 different collections of asso- 
ciates, namely, single, multiple, total, and- contrasting associates. 

Contrasting cases cover all associates in which the difference 
between the sexes in score is 3 or miore. 

According to this table, the multiple T show the same 
sex predominant as the total associates in every one ‘of 13 classes 
of associates, but the proportion-of predominance differs a little i in 


some cases. In other words, disregard of the single associates would. 


not have altered the sex character in any case, but would, (though 
probably within chance limits) have reduced-the differences in some 
cases. On the other hand, the single associates scores do actually 


show a different sex ‘predominant . (however. slightly) from thåt-- 


indicated by. the total scores in the case of personal; ‘aesthetic, color, 
social, emotional, economie and food agsociates: 


Comparing the multiple scores with those o contrasting cases 


we find the same sex predominant in 11 out of 13 ‘cases, and, in 1 
of the remaining 2 (personal) ‘contrasting’ cases show a slight male 


against a ‘multiple’ slight female predominance. (111/100 to 265/278) : 


yielding an N sign in both cases, and in the other (colors) there is a 


‘contrasting. N (13/13) against. & *multiple" F 3/50.. But in this 


case. the ‘contrasting’ numbers are.too small to’ signify. In other 
words, where the contrasting case numbers’ are at all considerable, 
and.in most other cases, there is agreement or near agreement in the 


Bex character; but we cannot rely on this p Oa RN, obtaining Wero 


the score for an associate is low. 


. The ‘contrasting’ cases tend to accentuate Bex dive ras 7. 


cases- Mey pd double id against 3 for the a md. associates, 
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the single associates, and the total figures: and only 3 neutrals, 


against 6, 8, and 8 respectively. The .contrasting -cases tend - to 


- bring into prominence the same sex divergences which the multiple. 


- 





and the total figures manifest. We may-also add that a. scrutiny `: . 
of the contrasting cases in their entirety, that is, in relation to stim- .- 
ulus word and fellow associates, is more illuminative of the mental `- 


traits behind the sex- differences than a study of the statistical differ- 


` ences alone; ^ 
| a “TABLE VI > 





NUMBER OF 'CoNTRASTING' AND MOLTIPLE’ AssOCLATE-WORDS p 
~ Associate class `` >- Multiple - l S Contrasting 
M o. F 20 0.7 M IF 
. 7 '(1) Body Parta . I09955 ^ IB . >. 661 ^ .'- 600 
|». (2) Dres .- ^» 83 -— 337 "237 77278 
(3) Adornment 227 > 240 ` . 104 . 100 
(4) Personal’ .` '  .2172 ~. 2008 . 1316 "^: 1176 
(5) Aesthetio 284 (384 7. 0 370 - eo 240 
(6) Colors e 278 ^^ 849 ` 2- uude. 109 186 
(7 Act. & Adv. > . 872. ` 599. -  — 547 , 08 
- (8) Outdoors 858. 770 7 856: - -548 
(9) Social © 1962 - 24RD 0. T45 - 
(10) Religious 274 > 260- -= - 186 - 152. 
(11r) Emotional ^ 1296 ^ - 1658 `- - 1697 |. 1075 
(12) Economie — - 460 — r e 341 ^ 304 
(13) Foods '. .485 > 4466: 358. - 324 
- Total paci aix 8900 9027 | 82003 `  .6556 
. Total both sexes 17,927 fe E i 10,659 "n 


We may conia that for: this pasti exercise. at any rate; 
and presumably for exercises with similar ratios of stimulus words 


to subjects, we can safely neglect single associates in our analysis, 


thus saving labor in the preliminary tabulation. In this exercise .- 
single associates accounted, on a rough calculation, for some 36% of 


the total. 


(2) Analysis A. We now come to Analysis A, in which single - 


- associates were disregarded and ‘multiple’ gonipared with -‘contrast- 
ing’ associates for 3 differently sized and aged groups. Table VI 
is relevant. ° 


Taking all the groups and cases-we find that out of 52 comparisons mE 


dn 46 the multiple and contrasting cases yield the same signs, 
that is agree in sex difference or in absence of sex difference. With 
the two larger groups of Ss (grade and high school) in all-26 cases 


~ ^. 
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there is a close or (in two) fairly close agreement; and either-the same . 

Bex predominates or the. departures dst uan are too gmall to 
signify, © 

In the smallest, ee the ie college group a are these i = 

cases of difference i in signs: 


y Multiple ` | umi. 


Body parts | . Ii/gaN(M) .. -64/34 MM ` 
Colors —— a2/30N 20/14 M 
Social "20/26F . = 14/10 M 


Here we have either a sex distinction the same but (in one case 
only) more. pronounced, or non-significantly small numbers. 

"In fine, where the numbers of Ss, of stimulus-words, and of the 
associates in any given case, are adequate, 8: scrutiny of cases of sex 
divergence in score of 3 or more yields the same sex distinctions as a 
more comprehensive survey. ` Specifically, with Ss. exceeding about 
70/70, and stimulus-words exceeding about 100, the briefer procedure 
would appeer to suffice. But where the associates of any class fall 
below: 5o in all, we may do well tö supplement from more. comprehen- 
sive ‘data. . No doubt exact statistical treatment, would produce a 


more precise criterion of adequacy for differerit ratios of Ss to stim- — - 


ulus-words, always ‘presuming that -other .cicumstances are also 
sufficiently similar.. Table VII suggests’ the saving of -time and 
trouble-that would be thus- effected xd reducing ihe number of 
responses to be considered: - 

* (8) Analysis B. -In Analysis B we come to a second set of stimulus- 
words (Exercise B) analogous to that.for Analyses A’ and A. In 
this case we compare the evidence from the total scores of the asso- 
ciates considered with that for the scores of contrasting cases for 4 
differently sized: and aged groups. But whereas in Analysis A by 
‘contrasting’ was uniformly meant a sex divergence in score of 3 or - 
more, in the present analysis 3 is retained for the a smaller groups 
of Ss (the 53/53 college and the- 35/35 business); but the figure is _ 
raised to 4 or more for the grade school Ss (80/80), and to 5 or. more 
for the high school Ss (87/87), on the assumption that the more Ss 
the higher the scores for any associate and therefore the. greater 
the proportion of wider score divergences, so that the safety limit 
for contrasting cases can be ee raised. Table VIII . 
summarizes the data. — l : = l 
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Taking all groups and cases we find that out of 64 comparisons 
in 56 the total and contrasting cases yield the same signs, that is the. 


same noticeable sex divergence or absence of sex divergence in ten- ` | 


. dency to associate or think of, the class of word or object in question. - 
- In the remaining 8 cases an N sign is attached to one of-the 2, the . 
total and the contrasting, sets of scores and a definite sign to the 
other; but in all 8 cases the total and contrasting associates differ 


not in the sex character of tendency evidenced but just enough-in - I 


degree to admit our distinguishing one as N and the other as of a 
definite sex character. Moreover, in 4:of these cases of partial dis- 
crepancy the scores for the contrasting associates were precariously 
' low. Wherever the score is adequate the same sex trend is indicated, 
but occasionally less markedly by one set of associates un by S 
other. 
The results of our analysis suggest strongly that, for an exercise 
in which the stimulus-words and the ' ‘Ss both exceed 100, for all 
practical purposes every associate for;any given stimulus-word in. 
which the sex scores differ by less than 3 can be safely disregarded; ` 
and that where the. Ss number 160 or more we may raise that limit 
to 4 and even 5. This applies to the i :3 psychological categories or 
directions of interest which a scrutiny’ of the associates, and other 
evidence not considered here, suggest as most likely to differentiate 
the sexes in the present experiment. But the proviso should be added 
that where the associatés of any category receive less than & certain 
minimum score.(in ordinary cases 5o would seem to serve) a reauation 
in the contrasting limit would be on the safe side. ! 

Relation of class of stimulus-word to class of associate. That the ' 
exercise under survey fails to elicit ih adequate numbers certain - 
presumptively important classes of associates has already been 


noticed: stimulus-words of the kind to elicit these were absent from ^ 


thé series. That the stimulus-word, ‘as' one would expect, influences ` 
the associations, and stimulus-words of one class predispose to cor- 
responding classes of associates (corresponding is not necessarily 
similar to the stimulus-word), and what'some of these ‘correspondent’ 
classes are, our present analyses indicate. Comparison of responses . 
in relation to stimulus-words shows that words for activity and 
adventure are elicited most from emotional word stimuli, not from 
sex words or from words for the parts of the body; words for personal 
adornment from sex not from plant or animal word stimuli; outdoor 
words from plant and animal stimuli not from emotional; personal 
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names from . Sex and personal stimuli; and from sex stimuli feminine 
noun associates result far more often than masculine or neutral nouns; 
color associates are fairly evenly distributed, but are evoked most 
especially from plant and animal stimuli; social words issue from 
emotional and personal stimuli, not from.sex, body, or plant and 
animal—and so on. That these predominances are so pronounced 
indicates one of the difficulties: with exercises of this type: the asso- 
ciations are so far. determined by the stimulus-words that little is 
left to separate the sexes; so that with any given class of stimulus- 
words community of associations between the. sexes far exceeds 
diversity. Divergence scores are an inconsiderable percentage of 
the total gross scores. - The most marked géneral gex divergence, 
for example, in Analysis A is in emotional associates, which total 
1296 for males and 1658 for females; that is, a divergence in amount 
of 13%.only on the total. . As one works through the gross figures ` 
likeness is far more impressive than unlikeness, even with stimulus- 
words already, as in the series under scrutiny, selected out of gas 
for their dur um PRpAOMY.. 


OONO 


. Having now considered the free.associates of 4 different groups 
with 2 series of stimulus-words and studied for each the sex differences 
in frequency of response slong 12 to 15 lines of interest, we conclude 
from analysis of one group’s responses that single associates (words 
associated once with a given stimulus-word) may be safely disregarded 
without significantly affecting the results; and, from two analyses 
of the responses of 4 groups with two sets of stimul, that we may 
limit our consideration to ‘contrasting’ cases'and obtain, with a 
margin for chance deviations, the same sex distinctions as where 
we consider either all, or all but the single, associates. . This conclu- 
sion holds provided (a) the ‘contrast’ spans are adjusted to numbers 
of Ss and stimulus-words; and (b) where a topic of interest yields - 
fewer associates, recourse is had to multiple-or total responses. 

A word is required on both these conditions. Regarding (a), the 
spans suitable for sample cases have already been suggested (supra 
467). If the scores and, what is also important, the number of 
instances which contribute to those scores, are to be enough to 
signify, we need an adequate number both of stimulus-words and of 
Ss. The more the Ss or the more the stimulüs-words the more 
numerous the instances expectable. of spans of any given width; 





472 | WYATT 


` hence to insure a significantly high aggregate score and a sufficient 
number of instances we may raise or lower the span of contrast 
correspondingly. It remains for the statistician to attain precision. 
As regards (b) a difficulty with free associations is that we can not 
tell beforehand the fertility of associates along any line of interest, 
though a repeated experiment would, no doubt, coeterts paribus, give 
statistical probabilities; so that we cannot exclude the necessity on 
occasion of supplementing our contrasting cases with a study of . 
multiples. Moreover, as contrasting cases: are a fraction of the 
whole, it sometimes happens that a single stimulus-word may yield 
a single associate with a high score and a wide sex divergence, (e.g. 
the word ‘wine’ as one of the food associates), and misleadingly 
bulge the aggregate sex scores. Hence not just a sufficiently high 
aggregate score, but a sufficient number of cases, and an eye open 
for unevennesses of this kind, are necessary precautions in the use 
of the contrasting case method. It cannot be applied, nor indeed 
ean any method, quite mechanically. ` 
' Moreover, it appears that (:) as the sex differences disclosed 
depend upon the class of stimulus-word, some may easily escape 
representation (e.g. associates in terms of social or physical sciences, 
mechanical or manual occupations escaped the exercise under exami- 
nation); and (2) the sexes agree far more than they differ in their 
responses. In fine a wider range of stimulus-words with a shortened 
analysis, confined to the most sex-contrasting responses, is more 
informative than a full analysis with a narrower range, and is the 
more generally practicable. In using free word associations, there- : 
fore, fully representative stimulus-words with examination of the - 


pe divergent associates is, it appears, the economical program. 


SYMMETRY IN VISUAL RECALL 
By F: TuEopoRE Puariie, U, ee of Kansas 


Most of the experiments on memory, even the dlc ones of 
Ebbinghaus, are chiefly concerned, not with memory, but with 
learning. Even the Aussage experiments ‘initiated by Stern,? which 
minimize the aspect of learning, were not entirely free from the 
complications of the learning problem. Few studies have been solely 
concerned with the problem of memory. . The list is short. 


Hempstead,* in-1g01, noted in & tachistoscopie experiment that the changes 
in memory seemed to be “guided by the principles of symmetry and similiarity.’” 
Kuhlmann,‘ in 1906, found that the reproductions of meaningless visual forms, 
which were made from 2-90 days after presentation, tend toward standardization: 
slight differences are, omitted and parte are standardized, equated, and sym- 
metrically arranged. . Wulf? in 1922, found that successive reproductions of a 
visual figure change continuously and gradually toward greater symmetry, and | 
suggested a theory based upon laws of balance and stability of energy patterns. 
Lastly, Gibson’ repeated Wulf’s experiments in modified form, and concluded, 
contrary to Wulf, that the changes toward symmetry were to be explained by 
habit. 

In the xisthods of. both Wulf nd Gibson there are certain objections to be 
raised in.order to satisfy the requirementa for a critical investigation of the 
memory process. First, the material should be presented only once, a stipulation 
that is violated by Gibson and to some extent by Wulf in his use of the ‘part- 
stimulus.’ Secondly, the stimulus-figures should be simple, in order that one 
brief presentation will suffice. Thirdly, there should only be & few stimulus- 
figures, in order that the average observer will be able to reproduce all of them 
after the first presentation. Fourthly, the material should be reproduced en- 
tirely from memory at various time-intervals to make possible a study of the 
trend, direction, and extent of the changes with succeeding incrementa of time, 
thus giving & temporal picture of the memory process. x 


* Accepted for gs ui March 19, 1931. 
inghaus, Über i d. 1885, 1-114. 
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*Wm. Stern, e sur Pacha der SM foe 1903-6. 
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‘Fred On the aude of the 1 memory consciousness: A. study of 
mena N memory of meaningless forms, Psychol Rev., 13, 
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333-37 
3 3. Gibson, VIkD bai Partus ai id Psychol, 
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PROBLEM . 

The present experiment was conducted for the purpose of ascer- 
taining the nature of the changes that occur in the recall of visually 
` perceived forms.’ The problem, although the same as that of Wulf - 
and Gibson, differed in the material and in the method used. The 
experiment was divided into two parte designated as A and B, on 
the basis.of the two sets of materials used. 


METHOD 
E E EEE E petis: di wil AE E adl tos 
Two sets of 5 simple; nonsymmetrical, geometrical figures were drawn with black 
ink'on cards 14 x 1r in. The first set, called Cards a (see Fig. .1), was used with 
-thefA group of Os while the second set, Carda b (see Fig. 1), was used with the 


NL T X 3 


Fia. 1. E d 


arcus: julie was duda baton ciun Gauss enue Gru 
B. . The Os were all naive with respect to the problem aa well as to psychology in . 
general. At no time were the resulta of the experiment disclosed to them, or did i 
they know in what way the research was related to the problem of memory: - 
They were all students in beginning psychology laboratory and the experiments 
were performed during the regular class period. The series of figures was pre-- 
sented to groups óf about 20 Os at one time. The only instructions given were: 
“I want you to look at this group of drawings.” The cards containing the figures - 
were then exposed, one at a time, for 5 sec., until the entire series of 5 drawings 
had been presented. This was the only time the figures were seen. Twenty 
seconds after the series had been presented the Os were given blank paper and the- 
instructions: “Reproduce the group of drawings that you just saw as accurately 
as you cau.” No instructions wére given regarding the size of the reproductions ` 
with respect to the original. After 2 days the Os were told to reproduce the figures 
entirely from memory, with the same instructions as before, and again at 1, 6, 7, 
14, and 19 day intervals. This méant that since the stimulus-figures were pre- 


The author wishes to express his appreciation to Dr. R. H. Wheeler for his 
suggestions concerning both the experimental technique cane E 
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sented only once at the beginning, a series of reproductions was obtained that 
would indicate the undisturbed trend of the change with successive increments of 
time, with the last reproduction 49 days from the original presentation of the 
figure. Introspective reports were not taken. 


RESULTS 


There were 3,559 reproductions of the ro stimulus-figures. In all 
but a very few of these there was some change from the original that 
could be classed as greater than an error due to an inability in free- 
hand drawing. As would be expected in an experiment of this kind, 
the changes seemed on first inspection to be as diverse and compli- 
cated as the personalities of the individuals making the drawings. 
Inasmuch as the present problem was not concerned with a cata- 
gorical classification of the changes, which after all would be depend- 
ent on the material used and therefore only applicable to that experi- 
ment, no such attempt was made. Rather, the task was limited to 
the discovery of some general trend that would apply to all the 
memorial material and thus lead to a broader understanding of the 
problem of memory. 

(1) Changes toward symmetry. It became evident from detailed 
examination of the data that all changes were in the direction of 
some balanced or symmetrical pattern, which was in part determined 
by the figure and partly by the perception of that figure. For this 
reason tabulation of the figures was made on the basis of the changes 
toward symmetry. There were a few reproductions early in the 
experiment that showed no change in any direction. The changes 
toward symmetry were recorded in tabular form for every one of 
the ro figures. The individual changes for a particular figure fell 
into general classes. These classes for the individual figures seemed, 
again, at first, to be as diverse as the figures themselves, but on 
closer examination they all appeared as specific cases of 9 general 
‘groups of changes, which applied in most cases to all of the figures. 
These general classes are not proposed as categories, but represent 
trends. of change that occur in the recall of the type of material 
illustrated in this experiment. They are intended not as explanations 
the change, but as examples of the types of changes that appear. 
in mind we may proceed to a consideration of the changes 









A change in which corresponding parts of a figure, that 
stimulus-figure, are made so in subsequent repro- 
hange took place in two ways in the present experi- 
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ment, first, m an equalization of Imes in a figure, and secondly, in an equalisation 
of angles. Practically all of the classes of changes mentioned in this section . 
occurred in all of the figures, except where two changes were contradictory. In 
many cases several types of change appeared in the same reproduction of a given 
figure. Fig. 2, No. 1 gives examples of this type. 





Fig. 2. TYPICAL Coanans IN REPRODUCTIONS 
or THE PTIMULUS-FIGURES 


The first drawing g every e re DURUM. RULES ee NE 
e figure change. 


reproduction of ustrating various types of 











(b) Orientation. Orientation may be a change that involves the whale 
or only a part of it. It may take any one of three forms. First, thi 

verticalising of the figure or a part of the figure that was either ho 
angle in the original stimulus-figure (Fig. 2, No. 2). Secon 
form of making the figure or a part of it horizontal when 
(Fig. 2, No. 3). Thirdly, the orientation change may 
inversion with reference to the stimulus-figure (Fig. 
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(c) Standard figures. This change is one that may take the form of a trend 
toward the symmetry of certain standard objects (glasses, dumb-bell, dollar 
sign). In this case the change is determined by the nature of the figure (Fig. 2, 
No. 5) and not by habit. The second type of change is that toward standard 
geometrical figures or parts of figures that are symmetrical (Fig. 2, No. 6). There 
are three special cases under this type of change that deserve special mention. 
The first of these is a change toward circles or parta of circles (Fig. 2, No. 7); 
the second is toward ovals or parts of ovals (Fig. 2, No. 8); and the third is a 
tendency toward squaring (Fig. 2, No. 9). 

(d) Simplification. A change toward simplification of a given figure may as- 
sume two forms: first, the omission of parts or lines destructive to the symmetry 
of the figure—;i.e. of parts that stand alone in the stimulus-figure, upsetting its 
balance (Fig. 2, No. 10); secondly, the decrease or shortening in successive re- 
productions of characteristics that upset the balance of the figure (Fig. 2, No. 11). 

(e) Complication. A change toward complication is of necessity the opposite 
of simplification, and like simplification, may take place in two ways. First, 
there may be additions to the figure (Fig. 2, No. 12); and secondly, some character- 
istic of the figure may be increased, with subsequent reproductions, toward & 
more symmetrical pattern (Fig. 2, No. 13). 

(f) Completion. A change toward completion of the original stimulus-figure 
may take place either in the addition of some new part of the figure or as an en- 
largement of some portion of the figure in making a closed and symmetrical form 
out of the original (Fig. 2, No. 14). The factor of completion depends of neces- 
sity on the nature of the figure involved. 

(g) Proportional relations. Proportional relation of parts is a change which 
involves altering the position of some member, having no relation other than 
spatial to some corresponding part, so that the former is proportional to the latter 
(Fig. 2, No. 15). 

(h) Bilateral symmetry. A change to bilateral symmetry occurs when the two 
sides of the stimulus-figure are nonsymmetrical in some detail and that detail is 
changed to correspond to the opposite side (Fig. 2, No. 16). It may be not only 
a change which involves the differing member, but may involve a change toward 
the differing member, or a change of both sides to a new form. 

(i Whole symmetry. Whole symmetry involves a change in the original 
stimulus-figure to a figure that, taken as a unit with all its members, is recognized 
as entirely symmetrical. It may occur in a change of a few details in the figure 
or it may be a change, involving the whole figure, toward an entirely new form 
(Fig. 2, No. 17). 


(2) Average change per drawing. In tabulating the changes in 
the reproductions of the individual figures the necessary data were 
obtained to make possible a computation of the average change per 
drawing for successive reproductions of the ro stimulus-figures. In 
doing this it was found necessary to compute the average time-inter- 
vals between the various reproductions of the different figures. 
This was necessary for the reason that some of the Os did not make 
all of the reproductions that were called for, which meant that the 
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time-intervals between the first and the second drawings would not 
. be the same in one case as in another. For this reason the average 
time-intervals between reproductions are used in the data given. 
Fig. 3 presents graphically the percentage of change toward symmetry 
~ per drawing for each successive reproduction of the xo figures. Both 
the A and B groups are included in this graph. The average cumu- 
lative time is given on the abscissae and the percentage of change on 
the ordinates. 





Tum iN Days 
Fig. 3. PaRcENTAGE OP CHANGE TOWARD SYMMETRY 


It will be noted on examination of this curve that the greatest 
number of changes in the figures occurs on the first reproduction, 
that is, the greatest number of changes, in comparison to the increase 
with successive reproduction, appears in the reproduction that 
immediately follows the presentation of the stimulus-figures. The 
curve also shows that the increase of changes per drawing is propor- 
tionately greater in the first part of the experiment, and, although 
the changes per reproduction still increase as time goes on, the 
increase becomes less with each successive reproduction. There is, 
however, some indication that the increase in the number of changes 
becomes greater again toward the last of the experiment, after about 
so days (average cumulative time) from the presentation. These 
facts in all probability, mean with respect to the problem of memory, 
that at the first of the experiment there were a great many minor 
or smaller changes that came on the first or second reproduction, 
and thus account for the large increase at the first of the series. 
Whereas, as the experiment progressed, the changes that occurred 
were of greater significance, that is, involved more of the figure, 
and therefore of necessity could not be correspondingly as great in 
number. These later changes were also, as we shall point out later 
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on, more progressive in their development, which meant that the 
later changes were only gradual modifications of the large number 
at the outset. This would give meaning to the rapid increase in 
number of changes at the first of the experiment and the more 
gradual increase later on. 

(8) Figures with no change. In tabulating the results of the 
various reproductions of the stimulus-figures not only the figures 
with changes toward symmetry were recorded, but in addition, the 
figures with no changes. Fig. 4 (dotted line) shows the graphic 
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representation of these results. The average cumulative time is 
represented on the abscissae, and the percentage of the total number 
of reproductions for & given day that show no changes is represented 
on the ordinates. It will be noted that even at the outset there is a 
very small number of figures with no change and that this initial 
percentage decreases very rapidly on the second reproduction. The 
percentage of the figures with no change on the succeeding reproduc- 
tions is very small—1% or less. It is quite evident from this graph 
that there are relatively few figures with no change throughout the 
whole experiment and that these are confined for the most part to 
the first reproduction. 

(4) Symmetrical figures. An independent grouping of the draw- 
ings was made in which the semiperfect drawings and the perfectly 
symmetrical drawings were recorded for each day of the series. 
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Fig..4 (dashed line) shows. the percentage of perfect figures out of 
the total number for any given time-interval. It will be noted 
that the percentage of perfect drawings increases gradually with 
the time-interval after the original presentation of the stimulus- 
figure. On the seventh reproduction, or 5o days (average cumulative 
time) from the original presentation, perfectly symmetrical figures 
occurred in approximately 40% of the drawings made at the time. 
Along with this curve is another (continuous line) that represents 
the addition of the perfect and the semiperfect figures. This curve 
follows that of the perfect figures very closely, except as would be 
expected, it is higher than the ‘perfect’ curve. On tke seventh 
recall the percentage is 50% of the total number on that day. This 





Toe w Days 


Fig. 5. Parcenrace or FINAL REPRODUOCTIONS8 APPROACHING 
RFECT Y 


means, then, with respect to the present experiment, that esch 
successive reproduction of a nonsymmetrical figure tends toward a 
symmetrical pattern, which involves the whole figure. That is, the 
tendency for the whole figure to change in an explicit fashion toward 
. symmetry is more marked as time goes on. | 

(5) Last symmetry. In recording the perfect and the semi-perfect 
figures, a record was also kept of the figure’s location in O’s series of 
reproductions. That is, if that particular perfect figure was the last 
in the series as far as that particular O was concerned, it was recorded. 
Here was a means by which to determine the percentage of the total - 
number of last drawings that was symmetrical Fig. 5 shows the 
results of this analysis of the data. The average time-intervals 
between these symmetrical drawings are given on the abscissae and — 
the percentage of the total last drawings that were symmetrical is 
given on the ordinates. The curve ascends very rapidly from the 
first to the second reproduction. It will be noted, however, that 
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the greatest average time-interval occurs between the first and the 
second reproduction. The reason for this is that in this case the 
Os did not draw the figures again, ‘after the first reproduction, until 
relatively near the end of the series. This would mean that the 
time-interval was longer. This high point on the second day is in 
fact the high point for the rest of the curve. The remainder of the 
curve descends, with time, until toward the end of the series when 
it again mounts to very nearly the point reached on the second repro- 
duction. Interpreted, this means that in the recall of visually 
perceived forms the tendency toward symmetry is more marked when 
the reproductions are separated by a wide interval of time, than if 
the same time-interval is divided by a number of reproductions. 
The drawing of the material, then, must in itself serve as an added 
stimulation which cuts across the tendency toward symmetry, if 
those drawings are spaced relatively closely in time. The rise at the 
end indicates, however, that, although the foregoing statement holds, 
the symmetry tendency will appear, late in the series, even when the 
drawings are called for at fairly close intervals of time. 

(6) Progressive nature of change. Probably the most significant 
fact that came to light in the present experiment was the progressive 
nature of the change toward a symmetrical pattern. If a particular 
change occurred at the outset it was progressively exaggerated or 
diminished, as the case might be, with each successive reproduction 
of the material (Fig. 6). For this reason many of the changes that 
occurred were trends in the direction of some symmetrical pattern, 
the eulmination of which was never reached in the length of time 
used in this experiment. 

We have already presented evidence which demonstrates that 
with a long interval of time between reproductions this progressive 
change is less gradual than when & number of reproductions are 
made over the same length of time. The curve giving the average 
change per drawing also corroborates this supposition. Whereas a 
large number of small changes are made at the outset, in the rest of 
the series the increase in the number of changes is more gradual. 
This means that the first changes are those which visibly involve 
minor parts of the figure, while those which come later involve more 
nearly the whole figure. Thus, by necessity, the later changes 
cannot be correspondingly as great in number as the minor changes, 
although the latter may still exist in the present figure. 
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The major changes, because of their comprehensive character, 
can only be a gradual modification of the changes that already exist. 
The changes that appeared at the outset are progressively modified 
in the direction of the symmetrical pattern, a pattern which involves 
the entire figure. As this progressive change.continues in the direc- 
tion of symmetry it involves certain minor changes toward symmetry. 
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Fia. 6. ExAMPLEB or Succeesrvg REPRODUCTIONS 
The numbers represent the position of the recall period with respect to the series; 


That is, certain of the parts of the figure are involved in particular 
ways even in a general change that involves the whole figure. But 
as the general change is progressing gradually, the subordinate, 
part-changes emerge slowly and thus account for the smooth gradual 
progression of the curve depicting the average increase in changes 
per drawing with each successive reproduction of the figure. The 
progressive nature of the changes, the smooth character of the 
increase in changes, and symmetrical drawings, all represent evidence 
for some important suppositions about the memory process. They 
indicate that the energy pattern functioning in any memory process 
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is one that is dynamic in character and not static; a pattern that 
changes at a gradual rate and not by a sudden shift. The significance 
of such & supposition will be pointed out in a subsequent section of 


the paper.? 
Discussion 

Gibson's interpretation of the memory process. Gibson,’ in his 
paper on the reproduction of visually perceived forms, following the 
work of Wulf," finds certain points on which he would differ with 
Wulf in his interpretation of results, although there is nothing contra- 
dictory in the results themselves. The present experiment yields 
data in harmony with those of both preceding experiments, and in 
addition, seems to present evidence that would lead in the direction 
of the interpretation given by Wulf, not that given by Gibson. 


The difference between Gibson and Wulf hinges about the concept of structur- 
ally conditioned change. Wulf claimed that certain changes which he observed 
were due to the Siruktur or form of the figure. Inasmuch as this type of change 
seems to interfere with other changes attributed by Wulf to certain modes of 
apprehending the figures, Gibson argues, ‘‘this type of change is independent of 
the way in which the figure is perceived.” Although Gibson is no doubt correct 
in interpretating the form that Wulf speaks about as something which is not con- 
tained in the stimulus, but is phenomenological, he becomes ambiguous in assum- 
ing that the phenomenological and the perceived form are two different things. 
Gibson has overlooked the fact that phenomenological form, certain properties of 
which are determined by the way in which the figure is apprehended, is the only 
aspect of the object existing for the observer. The confusion is apparent in this 
quotation, “one is led to infer that the structurally conditioned change, then, is 
due entirely to this tendency towards a specific, lucid, complete, or ‘good’ Gestalt. 
The configurationist’s form is apparently something which, in its own right and 
independent of the experience of the observer, possesses the capacity to change.” 


"The reader will probably raise the question whether the same trend toward 
symmetry occurs in the recall of that are originally symmetrical: This 
estion can be answered in the tive from various tests in the laboratory 

e results from which were so uniform and consistent that a systematic investi- 
gation seemed unnecessary. In successive recalls the patterns retained their 
symmetry but changed, in man toward greater simplicity. In some 
instances, first reproductions e thé figure more complex but the symmetry 
was always maintained. A change toward complexity can easily be explained 
in terms of the fact that the observer estimated the figure, originally, to be more 
complex than it was. Changes toward greater complexity generally ocour when 
the e is exposed for too short a time or when the observer examines the 
figure under distraction. In this eral connection it is interesting to note 
that symbols, used commonly, are ost universally symmetrical, or nearly so. 
One does not change his memory of Paures toward conventional bols, because 
of Ke as Gibson implies, but the law of symmetry accounts for the habitual 
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‘Yet the form that Gibson is referring to is certainly not divorced from the experi- 
ence of the observer, inasmuch as the experience provides the form. Perception ; 
and phenomenological form are two names for the game experience. 

The issue is raised by Gibson; “Is the change in & reproduction of a perceived 
form caused by the influence of past perceptions on the perception and memory 
of that form, or is it a change caused by the nature of the form itself?’ No 
definite answer is given to the question. But again by implication the form is 
something over and apart from the perception. Gibson interprets form, as used 
by Wulf, as independent of the apprehension of form, and in addition, something 
which is divorced from the rest of the individual's experience. Such a dualism is 
an obvious fallacy. In fact the form ta the apprehension of the object and is in 
no way something different in kind from the past perceptions which Gibson em- 
phasizes. On the contrary, form is an evolutionary resultant in the continuity of 
the memory process. 

As a substitute for the notion of form or structure, Gibson offers the following 
explanation of his results: “The changes observed in these experiments . . . 
evidence for the existence of perceptual habits which have arisen in the individual 
during experience.” And further, “If, then, after an interval a reproduction of 
the figure ig required, the assimilation becomes quite evident since the older traces, 
which fade more slowly than the new onea, are present to the exclusion of new 
ones," It is questionable whether the changes mentioned by: Gibson give 
evidence for the existence of old perceptual habits. We are not told exactly what 
& perceptual habit ia, but Gibson later states that it is a process which takes place 
“by turning of a new. perceptual process into earlier channels of perceptual 
activity." The unanswered problem arises at once, What initiates and carries 
on this process of turning? Obviously Gibson must assume something more be- 
fore he can approach an explanation, a something which will necessarily be the 
sine qua non of his theory. This something is adequately explained by the oon- 
figurational assumption of a dynamic field functioning under the laws of fluid 
energy. 

Gibson is in ‘further difficulty. How is one to acount for the fact that the 
number of changes increase as time goes on, and are a progressive modification of 
the earlier changes? From his statement that the changes are to be explained in 
terms of old perceptual habite, the only logical suppositions to make are that, 
first, al? of the.changes in a particular figure, showing any change at all, should 
appear on the first reproduction, and secondly, that all of the figures should change 
to the maximum on the first reproduction. Since none of the facts from Wulf, 
the present experiment, or even from Gibson’s own experiment support this 
position, the theory must obviously be inadequate. 

Gibson falls back, finally, upon a trace theory of memory. He says that, 
“the older traces, which fade more slowly than the new ones, are present to the 
exclusion of new onee."!* It is impossible, from Gibson’s discussion, to determine 
just how he envisages these traces in the organism. The absurdity of a purely 
structural trace, of course, has been evident for nearly two centuries. This 
Gibson seems to realize, for he promises us a functional explanation. But he then 
presenta the theory that new perceptual activity takes place in terms of old per- 
ceptual' habits and that these new processes are turned into earlier channels of 
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perceptual activity. An explanation which interprets events in terms of the proc- 
esses that have preceded them, is, however, a long way from a functional view- 
point; in fact, it is only a restatement of the static trace theory. If everything 
new is to be explained in terms of the old, wherein is it dynamic? The most 
significant facts that we know about the memory process, those of directional 
change and newness, must of necessity be disregarded by Gibson’s position. 

“The notion of an old memory image fusing with a new perception, and the 
notion of an old configuration asserting itself over a new configuration differ 
essentially only in the terms used," is an assertion of Gibson. His own logic, 
has, however, led him astray. He fails to interpret correctly the position that 
Wulf is taking. The Gestalt position would make it logically impossible for an 
old configuration to exist with reference to the organiam, inasmuch as the only 
configuration that exists for the organism is the one in the present. That is, al- 
though the present configuration is a continuation from the past of the organism, 
it in no sense is caused by the past,—or is it old. This does not mean that there 
is an isolated configuration every second, but means that the configuration is 
both a spatial and temporal unit. 


A new theory of memory. Certain facts have come to light in 
this experiment that suggest a general theory of memory. Such a 
theory, to be adequate, however, must fulfill certain requirements 
before it can pretend to cope with the problems in this field. (1) The 
explanation must ultimately be based on the concept of mental con- 
tinuity. In fact memory and mental continuity are different aspects 
of the same problem. (2) It must be a dynamic concept in order to 
account for the progressive nature of the changes that occur in recall. 
(8) It must account for the direction of the changes. (4) It must 
account for the increased changes occurring with successive incre- 
ments of time. 


(1) The first problem to consider is that of mental continuity, more specifi- 
cally that continuity implied between original observation and recall. How can 
mental continuity be envisaged in organismic terms? Observation and subse- 
quent recall are members of a temporal configuration. By a temporal configuration 
is meant a given whole in mental life, any part or experience of which has sig- 
nificance only in its relationship to the total continuum within that whole. No 
one phase of the continuum will explain any other. The observation will not ac- 
count for the recall. A past experience will not account for a present one. The 
two depend on each other, not in terms of cause and effect relations, but by 
definition. Both are necessary before there is anything to explain. The one does 
not exist without the other for the same reason that the first half of an inch, by 
definition, cannot exist without the other half. Both, in either case, belong to 
the same descriptive unit. 

The problem then becomes; How may we account for this unit physiologi- 
cally? We conceive of the physiological growth of the organism as a gradual, 
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evolutionary process, going on under a growth potentia. and directed by an align- 
ment of stresses which Child calls a physiological gradient.? In this growth 
process the particular specialized structures develop not by the addition of new 
entities, but as emergence phenomena differentiating from a relatively unspecial- 
ized field of energy. Likewise, it is supposed that the mental development of the | 
organism is due to the same maturation potential. Growth is a variety of motion; 
it is the growth potential realized in kinetic energy. Some of this energy is real- 
ized in the growth of organic structure, some in overt bodily movement, and some 
in mental development. Because it is stimulation that induces the differentiation 
of the potentials, observation and recall are merely passes of this development 
separated by removal of certain modes of stimulation. 

Maturation, with respect to a given object to be ~ecalled, is a continuation 
of that particular process of differentiation, the emergeice phenomena continuing 
with each recall. Mental continuity is then accounted for by the fact that al- 
though the organism is different every second of its existence, there is no break 
between what it is one second and the next because the realignment of stresses is 
an unbroken continuum, even between observation and recall. So far we are in 
accord with the logic of Kóhler's theory of the non-process change. 


The organism, however, is at each instant a unitary intact whole in space and 
in time, the parts and temporal phases of which do not combine to form the whole. 
The experiences that the organism has had are represented in this unitary whole 
only in terms of the general differentiation of the neural field, that is, in a level 
or degree of maturation. General structurization of she entire field is the only : 
way in which maturation is represented. Specific structurization exists only with 
reference to the stimuli of the moment and passes witk. specific modes of stimula- 
tion. In other words, the high and low potentials, corresponding to specific ex- 
periences existing at any instant, are not represented by permanent structural 
changes in the nervous system. Rather, one has an experience as the potentials 
of the nervous system are realigned in terms of existing stimuli. There is a resolu- 

. tion of this potential and the experience terminates. 

The most important point to bear in mind is the maintenance of dynamic 
balance, or movement in the direction of balance, all the while structurization is 
occurring. The preservation of dynamic relations during processes of change, 
when a process of change occurs in the course of reéstablishing a balance, is hard 
to understand and even more difficult to picture. This preservation of dynamic 
relations during change is the physiological basis of continuity in the maturation 
process, and is the only representation of the organism’s ‘past experiences.’ But 
note, the dynamic situation is constantly changing, and is general in character. 

What, then, accounts for the reference to the past, the feeling of familiarity, 
80 often regarded as the phenomenological criterion of recall? There are no 
traces. ‘There is nothing in the preservation of dynamic relations in a changing 
field that guarantees familiarity. Each feeling of familiarity representa the 
temporary emergence of a specific quality from the existing conscious field, in- 
tegrated with the field as it emerges. The emergence is induced by the stimulus- 


20C, M. Child, Physiological Foundations of Behavior, 1 

"Wolfgang Köhler, Zur Theorie des Sukzessivvergleic und der Zeitfehler, 
Psychol. Forsch., 4, 1923, 115-175. For a critical discussion see R. H. Wheeler, 
The Science of Psycho logy, 1929, 276 f. 
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pattern of the moment. Feeling of familiarity, or reference to the past, is no 
different, functionally, from reference to the future, or feeling of strangeness. 
Both are new responses organized with reference to the goals of the moment, and 
are both on the order of discoveries, involving insight into total situations. 

The problem of reference to the past and reference to the future is no more 
solved by traces than is the problem of a difference between seeing red and see- 
ing green. If we must have a trace to account for reference to the past, by the 
same token we need a trace to inform us when we see red, another to tell us an 
object is green, and so on. We have then shifted all mental processes, as 
emergent phenomena, back to the nervous system and are no farther along than 
when we started. We have made the trace accomplish what mental processes 
are supposed to accomplish, inform us of meanings. 

Finally, new experiences are logically prohibited by a trace theory. If experi- 
ence could change, the extent of the change must be known to the observer, and 
& comparison made with the original experience. This is because the same trace 
that has lasted over has been changing. Under these conditions, also, nothing 
different from the original experience would ever be reproduced. A changing or 
fading trace is & logical contradiction in terms. 

To illustrate from the present experiment the preservation of dynamic rela- 
tions in a changing field, consider the observation and recall of any particular 
figure. The retina is subject to excitation by a certain arrangement of stimuli, 
disequilibrating preóxisting stress-patterns in the brain. The process of re- 
establishing a balance corresponds to the perception of the figure. As long as the 
stimulus continues the disequilibration continues and the perception, likewise, in 
the course of reéquilibration. The stimulus is removed and the perception ceases. 
But the figure itself was by no means the total stimulus-pattern in terms of which 
the perception was formed. The perception of the figure emerged from a ground 
which was sustained by the remainder of the stimulus-pattern. The ground is 
represented in the stress-patterns previously mentioned, the figure and the ground 
being represented by a gradient with the figure corresponding to the region of 
highest potential in the gradient. Stimuli sustaining the ground were the class- 
room situation, the presence of the instructor and students, words used by the 
observer to describe the pattern as he was observing it, and instructions given 
by the experimenter. 

Assuming that the observer does not think of the figure after it is removed, 
what goes on between this period of observing and & subsequent recall? The 
observer goes about responding to other stimulus-patterns, using the nerve 
structures for other purposes that were formerly employed in observing and will 
be employed in recall. The neural field is constantly being subjected to dis- 
equilibration and is constantly releasing its potentials in the course of reéstab- 
lishing the balance. With different stimulus-patterns, parts of the field are re- 
quired to balance themselves in different ways, so that those parts of the field 
that shall have the highest potentials vary at different times. These must all 
find their balance, but, in each instance, the balance will be a different one. This 
continuous change toward balance, while at the same time the balance required 
is constantly changing, is the essence of maturation. Thus, by the time a recall 
situation is introduced, the stimulus-pattern setting up the recall will not have 
the same field to disequilibrate as did the original stimulus-pattern. But the 
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original stimulus-pattern and the subsequent partially repeated stimulus-pattern 
are conditions in common both to the observation and to the recall. Thus the 
reason why a person is able to recall an experience is, to this extent, the same as 
the reason why he was able to make the original observation. The one does not 
depend on the other in a causal sense but both depend upon similar conditions. 

Now we have the setting for the recall. The process of recall is induced (the 
observer codperating) by portions of the stimuluspattern similar to the original; 
but the figure itself is absent.” The field-arrangement of stresses, now resting 
upon 2, different base (different level of maturation), will be somewhat like the 
original. Incompleteness of the stimulus-pattern and an alignment of stresses 
upon a different base account for the incompleteness of the reproduction as com- 
pared with the original. Since, functionally, the organism is very nearly the same, 
that is, the maturation base maintains a certain constancy of major character- , 
istics in the form of dynamic relationships of various parts of the nervous system 
to each other, the partially repeated stimulus-pattern has something of the same 
dynamic relation to the whole as did the original. This actual correspondence is 
the situation that makes possible an organized, insightful response'of the ob- 
server to the repeated situation. The phenomenological characteristic of this 
response is his feeling of familiarity or reference of Lis experience to the past. 
Constant major characteristics of the maturation base, a continuous adjustment 
of a particular organism to its own. environment, account for the fact that the 
memories for one person are different from the memories of another. In reality 
there has been no more of & trace than if the observer was confronting a novel 
situation and insightfully perceived it as new. For in the case of a novel situation 
a certain dynamic relation between the organism-as-a-whole and. the stimulus- . 
pattern must also be the starting point of the new judgment. Judging an experi- 
ence as old is, in this same sense, a new judgment, akin to an invention. 

(8) The progressive nature of changes in recall, and the direction of these 
changes, are to be explained in terms of least action.” The changes in successive 
recall were all toward symmetry. Why? Here, as Wulf would say, the answer 
lies in the laws of Prdgnanz, which, we believe, should be interpreted in terms of 
least action. The most stable energy patterns are those which are structured 
symmetrically, the most stable form of all being a perfect sphere. It is also the 
pattern that requires the least energy to maintain. The predominance of sym- 
metry, especially in simple forma in nature bears out this point. 

Other things being equal, therefore, an observer will not only perceive sym- 
metrical and balanced stimulus-forms more easily thar. others, but he will repro- 
duce them more easily. In terms of least action the pattern of disequilibration set 
up by an asymmetrical stimulus will ordinarily assume more symmetry than 
corresponds to the original arrangement of stimuli. Thus the observer will be 
inclined to see the figure more symmetrical than it is. 

($) But we have not answered the question, Why are the errors of recall 
progressively in the direction of symmetry and simplicity? The difference in 
energy values between the high and low potentials of the field, corresponding to 
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the figure and ground of the recall process, becomes greater with each successive 
recall. There are two outstanding reasons for this situation. First, the farther 
the observer is removed, in time, from the original stimulus-pattern, the fewer 
are the stimuli in the recall situation that duplicate those of the observational 
situation. Secondly, the longer the elapsed time between observation and recall 
the more the maturation base has changed. 

Imagine, now, an observer ‘set’ to recall under these conditions. The ‘set’ is 
the stress induced by instructions, or some suggesting factor, and exhibited 
phenomenologically in the effort or will to recall. But in terms of what has just 
been said it is more difficult than ever to resolve this stress in terms of the original 
stimulus-situation. Because the difference in energy values is now so great be- 
tween the high and the low potentials of the system which must function in the 
recall, much more energy is required in shifting from the one to the other. The 
resolution will, therefore, take its course over a shorter and simpler route than 
heretofore. In other words, the reproduced figures will approach greater gym- 
metry and simplicity. 

(4) When the difference between the high and the low potentials becomes 
sufficiently great the recall situation, meager in stimulation, releases a limited 
amount of energy. All of this energy is expended in the recall, but since so much 
of it is required in the resolving process, little remains for the finished reproduc- 
tion. This situation exaggerates, in terms of least action, the symmetry and 
simplicity of the figure. . 

This explanation accounts for the difference in symmetry and simplicity found 
in recalls close in time to the original observation, and recalls farther removed in ' 
time without intermediate reproductions. We may ‘suppose that the energy 
value between the high and low potential: during immediate recall is low and that 
the energy value between the high and low potentials in delayed recall is high. 
But this does not mean that the amount of energy available for expenditure during 
recall is different in both cases, for the energy of both is the energy of the total 
field. In fact the energy that maintains the figure in immediate recall is much 
greater because energy not expended in resolving the stress is used in maintaining 
& more complicated figure. In the delayed recall, however, more of the energy 
of the entire field is preémpted in the resolution of the differential between the 
high and low stress and there is leas energy to maintain the figure. The figure 
will, therefore, be simpler and more symmetrical. In each case the recall, with 
respect to the field as a whole, has been an all or none process. 

The structurization of the field as a whole, in the course of maturation, may 
complicate matters considerably, leading in some cases to the availability of more 
energy and therefore to the reproduction of a figure of increased complexity either 
over the original or over & previous recall. Or, it may lead to numerous qualita- 
tive changes in the direction of other symmetries than the one toward which the 
observer was at first progressing. 


SUMMARY 
(1) The voluntary reproduction, from memory, of visually 
perceived forms undergoes a change toward symmetry and simplicity. 
(2) The change toward symmetry varies, under the conditions 
of the present experiment, in proportion to the interval of time 
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between original observation and first reproduction, or between one 
reproduction and another. 

(3) The change toward symmetry is progressive with successive 
reproductions. 

(4) Based on the results of this experiment a general theory of 
memory is proposed that emphasizes the following principles: (a) The 
temporal unity of the memory process precludes the possibility of 
explaining recall in terms of observation. Rather, recall and obser- 
vation are, like two halves of a whole, dependent by definition. 
Factors explaining memory are external to a temporal configuration, 
structured with respect to time, involving both the recall and the 
observation. (b) Memory is based on maturation and partially 
duplicated stimulus-patterns. The feature of maturation important 
for the phenomenon of memory is the preservation of dynamic 
relations in & changing energy field, that is, a continuous change 
toward balance while at the same time the balance required is 
constantly changing. The details of this process are explained in 
terms of physiologieal gradients, high and low potentials, and the 
laws of the resolution of differentials. These are, first, the law of 
least action, and its special case: the demand for stability of pattern 
in symmetry and simplicity of form; and secondly, the law of maxi- 
mum work which is the all-or-none principle applied to energy fields. 


A COMPARISON OF INDIVIDUALS AND SMALL GROUPS IN 
THE RATIONAL SOLUTION OF COMPLEX PROBLEMS 


By Manson E, Saaw, Columbia University 


The work done before 1920 in the field of group activity as com- 
pared with individual activity has been summarized. adequately by 
Allport? Since then other studies have been made principally by 
G. B. Watson,? Bechterew and Lange,’ South,‘ and Belaev.5 Many 
of these studies deal primarily with groups wherein individuals 
are interested in the same stimulus but there is little or no direct 
social intercourse and stimulation. The work of these individuals is 
contrasted with that done by isolated individuals. 

The present study aimed to present individuals with an actual 
problematic situation which would call for real thinking to arrive at a 
proper solution. The problems selected (given in detail below) in- 
volve a number of steps all of which must be correct in order that 
the right answer may be found. The problems were to be given to 
single individuals and to small groups of coóperating individuals, in 
order that the abilities of these two might be compared. The prob- 
lems were such as to make it practically impossible for one individual 
in the group to get a correct answer instantaneously by a sudden in- 
sight into the situation. Rather, they allow all to participate in 
arriving at a solution; they call for interchange of ideas and for 
acceptance or criticism and rejection of any idea put forth. At least 
some of the previous studies have dealt more with the performance of 

*Accepted for publication February 4, 1 

iF, H. Allport, Social Psycho j ur Ch 

" Xr peer Do enone more aticientiy than individuals? J. Abn. Soc. 
23, 1928, 

NW. Meter uh A. Lange, Die Ergebnisse des Experiments auf dem 
MU der kollektiven desir id Zet. f. ongen: Psychol., 24, 1924, o5- i 
- B. South, p EU F aspects of committee wo E 

nghol II, 1927, - 

. V. Hole Anot a eed from a author, entitled “The Problem of 
the ‘Collective and its Internal Structure.” Other references are: W. A. Barton, 
Jr., Group activity versus individual activity in developing ability to solve 
problems in first rms: ers ged m Educ. Administration ind. Supervision, id 
1946, 512-518; H. differences in the effect of discussion, J. E 

sychol., 3, 1920, 390-395; WI "ES S e nd Creative Experience, 1924; K. Go on, 

the field ta, J. Exper ue E oorr » 7, 1924, 398- 

ane y of esthetic jud dgnente, sid p» 4 6, o 1923, 36-43; E Ur ner MM 
covery, Y D. 8h feld, Creatio Discussion, 1927; T. W. Thie, Testing 
the efficiency of the group method, English Journal, 14, 1925, 134-137. 


EOD d du ents in the 


491 


492 SHAW x 


certain rather elementary tasks such as word-building, vowel cancel- 
lation, multiplication, turning fishing reels, ete., which have allowed - 
but little constructive coöperation wherein ideas may be accepted or 
rejected either in whole or in part. 

The problems used here are still quite far from the usual type of 
problematic situation met-in real life. They are problems admitting 
of only one answer; there is only one type of best solution. They 
arouse none, or very little, of the emotional bias with which persons 
characteristically approach life situations. It can be seen at once, 
then, that not all of the results obtained are directly sper to 
any or all group situations. 


METHOD AND PROCEDURE 


Subjects. The Ss in this experiment were the students in the class in Social 
Psychology at Columbia University. This group is a rather highly selected one, 
in view of the fact that almost all are graduate students, a large percentage of 
them working for advanced degrees. The experiment was divided into halves; 
3 problems were used in the first half and 3 in the second half given 2 weeks 
later. In the first half there were 2 groups of 4 women each and 3 groups of 4 
men each. There were 9 men and 12 women working on the problems indi- 
vidually in the same room. In the second half of the experiment there were 2 
groups of 4 men each and 3 groups of 4 women each; and 10 men and 7 women 
worked as separate individuals in the same room. Thus data were received 
from an equal number of groups of men and women, i.e. 5 groups of each. It 
will be seen from the above that a group was never composed of the two sexes, 
but in all cases of either 4 women or 4 men. It was believed that this arrange- 
ment would, in general, make for better coSperation and more smoothly running 
groupe. The grouping was not made for any purpose of sex comparisons; no 
such comparisons are made in this study. 

Problems. (a) First half of experiment. The directions used in the first half 
of the experiment were as follows: 


p Materials for this problem are in the envelope marked ‘Problems I and 
se disks Hr, H2, H3, Wr, Wa, W3. (For the present disregard the symbols 

an a ide 1 of the card. On the A-side of a river are three wives 
(Wi, W2, W3) and their husbands (Hr, H2, H3). All the men but none of the 
women can row. Get them across to the B-side of the river by means of a boat 
Late fad pie e No man will allow his wife to be in the presence 


MON Materials for this) problem are in the envelope marked ‘Problems T and 
Il.’ disks marked Mr, M2, M3, Cr, C2, RC. (Reverse side of the disks 
eii Side 1 of the card. Three Missionaries (Mr, Ma, M3) and three 
| pone D n ER Get them àcross to the 

by means of a boat which holds only two at one time. All the Missionaries 
and one Cannibal (RO) oan sew. Sly te Chante ae e 
may the Missionaries be outn (Except of course, 
when there are no Missionaries t.) 

(3) Materials for this problem are in the envelope marked ‘Problem HL’ 
Side 2 of the card. In Circle A arrange the disks in of that is with the 
largest on the bottom, ete., en with the smallest on top. Using Circle B aa 
a transfer station, transfer the di Bio Cielo © so that they will be in His gane 
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order in Circle C that they are now in in Circle A. Never place a disk 
on a smaller one and move only one disk at. a time. (Number the disks for 
reference if you wish.) 


The card referred to in these problems contained on the one side a diagram 
of a river, for convenience in solving the first two problems, and on the other 
side a diagram of the three circles necessary to a solution of the third problem. 

(b) Second half of experiment. The directions used in the second half of the 
experiment were as follows: 


P Materials for the problem are in the envelope marked ‘Problem I.’ 
Put these words, taken from the envelope, together so iis POR form the last 
sentence (only one sentence) of the prose selecti 
In New Orleans there is a tree which nobody Sd» looks at pE suity 
and without wondering how it came there. It reminds one of 
climes of Africa and Asia. Indeed, pier danti lp ji sighing 
mournfully under the blast of one of our November northern winds, it looks 
88 BOITO as an exile. 

(2) Materials for this problem are in the envelope marked ‘Problem II.’ 
Theee words when put in the proper order form the last three and one-half lines 
panies the unfinished sonnet below. Aree them as nearly as possible in the proper 
order. 

A boy named Simon sojourned in a dale; 
Some said that he was simple, but I’m sure 


e tried to catch in Mother’s water-pail. 
Ah! little boy, timid, composed, demure— 
He had imagination. Yet endure 
Defeat he could, for he of = aetna fail. 
.But there are Simons of a growth, 
Who, too, in shallow waters yan or whales, 
And when they fail 
_ (3) A consolidated school is to 2 built in the rural district shown in the 
am. The capital letters (A, B, C oe ors he wine (not salen where 
Enc are to be picked up by two sch between each 
point is indicated on the The ca ed of each Pus is 18 35 pupils and 
the driver. Find the most desirable location for this school and give the route 
each bus must take. The buses may start at ANY point and need not necessarily 
start from the school each morning. Following are the number of pupils to be 
picked up at each point: 
us No. oe Point No. Pupils Point No. Pupils 


4 G 3 
B 13 E 2 H Io 
C. 17 F 5 I 3 


The diagram for problem 3 is given below. It was furnished to each indi- 
vidual who was working alone and was drewn to the scale of 1 in. to the mile. 
Only one diagram was ene in each group;it was drawn to the scale of 2 in. 
to the mile. 


In addition to the specific instructions given above, the following general 
instructions appeared at the top of each set of problems given the separate indi~ 
viduals working in the same room. 

Below are three problems. Work them as quickly and accurately as possible. 


There is a correct solution to each problem. Record your answer or state briefly 
how you solved the problem. When you have finished one problem and are ready 
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to go on with the second, record the time to the nearest half-minute by means of 

the record being kept on the front board. Then proceed with the second and 

em ine pire nd record the time when each is finished. Work the problems in’ 
e order 


At the top of the set of problems given to each group of 4 individuals were 
the followmg mstructions: 


A chairman has been appointed to manipulate the necessary materials. Work 
together as a codperative group to solve the three problems given below. Work: 
them as quickly and accurately as possible. There is a correct solution to each 

roblem. Record your solution or state briefly how the problem was solved. 
Fach individual, including the chairman, should make his contributions to the 
group solution spontaneously as they occur to him. Indicate to the note-taker 
when you have nished one problem and are ready to proceed to the next; the 
note-taker does not participate in any way as & member of the group in solving 
the problem. 





Fi. I. DiíagRAM Usep IN PRoBLEM 3, Seconp HALF or THR 
EXPHEIMENT 


Every individual in the group was provided with a separate set of the prob- 
lems, but only one set of the necessary materials was given to each group; this 
made it more essential that all eoóperate to solve the problems. The first indi- 
vidual in each group of 4 was appointed chairman to manipulate the materials 
in order to obviate the confusion and delay which might result if each attempted 
to carry out his own ideas. The chairman was appointed rather than being 
elected by the group to prevent unnecessary delay in starting to work, and 
because in many cases the individuals had never before met except in the more 
formal classroom atmosphere. It was thought that any formal or parliamentary 
organization of the group might tend to restrict spontaneity and coöperation and 
thus perhaps limit the possibilities of getting the best results. 

The note-taker, referred to in the group instructions above, was for the purpose 
of securing more qualitative and quantitative facts concerning the group activity 
than the time of solving and answers to the problems would provide. In the 
first half of the experiment the note-taker was given the following instructions. 


You are to act as note-taker and time recorder for a group of persona solving 
three problems. You are to take ey no part in the group activity. Do 
not indicate by any means your approval or disapproval of their activities. 
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Record the final solution of the group on each problem. Record the time required 
to solve each problem. Record as many of the detailed suggestions made by any 
member of the group as it is possible for you to get. 


In the second half it was thought that the following plan might afford more 
quantitative data concerning the activity of the groups. 


Tally separately every suggestion made by any member of the group so that 
a record can be made up of the complete number of suggestions made in any 
one group. Get as much as is possible of each suggestion made. Record this in 
your notes. If the du diia is rejected check tne tally. Note whether it is re- 
jected by the person who proposed it or by another member of the group. If the 
suggestion is accepted underscore the tally. 


There were 10 sets of notes taken and in only 3 cases did the note-taker have 
any knowledge either of the problem or of its correct solution. Thus the knowl- 
edge of whether a rejected suggestion was in reality an erroneous or a correct 
suggestion could have but little effect on the notes taken, and can be determined 
by E only from these same notes. 

Equalization of the groups. In order to equate the groups, that is, to be 
reasonably sure that no one group was made up of four superior individuals and 
that those who worked in groups were on the whole neither inferior to nor superior . 
to those working as separate individuals, shifts were made so that the composi- 
tion of the groups differed in the two halves of the experiment. Individuals 
making up the first group were chosen from the class roll by placing every other 
man and woman in & group. Certain deviations had to be made from this general 
procedure in the case of absence from class, since the aim was to keep the total 
number of men working in groups and as seperate individuals approximately 
equal for the total experiment; the same being true for the women. Every 
group was composed of 4 individuals because it was thought that a group of this 
size would codperate to better advantage than a very much larger or smaller one. 
Also the limited number of available Ss made it impossible to increase the number 
much and still have enough single groups to make the comparisons meaningful. 
Limited room accommodations also limited the number of groups. 

Table I below shows the accomplishments of every S as he worked alone in 
the first half of the experiment. Table II shows the accomplishment of the 
groups in the second half of the experiment. Group A’ in the second half of 
the experiment was composed of individuals Y, G, J, and E of the first half of 
the experiment; Group B’ of K, U, W, and an individual not before 
present; Group C’ of M, J, A, F; Group D' of Q, L, R, C; and Group E’ of H, 
T, X, B. It will be geen that each group contained only one person who had 
solved & problem correctly in the first half of the experiment. Since the groups 
in the first half were chosen at random it was necessary to check the individuals 
in the second half to see that no group in the first half had been superior. From 
Table II can be seen the accomplishments of the individual Ss in the second 
half. Group A was made up of individuals A’, J’, N', and an S not used in the 
second half; Group B of H’, F’, M’, and P’; Group C of B’, C’, X’, and an S 
not used in the second half; Group D of E', K’, L', and Q'; and Group E of 
D', G’, I’, and an S not used in the second half. Thus it seems probable that no 
group was composed of 4 superior individuals. In neither half of the experiment 
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did a group contain more than one individual who had solved a problem correctly 
in the other half of the experiment, and no single individual ever correctly solved 
more than one problem. . 


TABLE I 


Suowine ror Evuny InpiviDUAL S AND yor Every Group or Ss raz Tum IN 
Minutes RaBQquiRED FOR A SOLUTION AND THE NATUR OP THE BOLUTIONB 
OF THE PROBLEMS oF THE Finest HALF or THE EXPERIMENT 


Problem 1 Problem 2 Problem 3 
Time Solution Time Solution Time Solution 
D 6.5 Incorrect 29.0 Incorrect 6.0 Incorrect 
F 4.5 n 17.5 n 13.5 oF 
G 3.5 S 6.0 ” 20.5. °°" 
H Lo  " apo o lo.0 " 
K 2.0 ^ 4.8 : 18.0 i 
L I.5 2.5 n 9.5 n 
N I.0 4 2.5 " I5.0 ” 
P 4.0 28 5.5 n 15.5 3 
; RÈ ps < 3.0 ” 19.0 ", 
E A 6.0 x I5.0 T 14.5 Unsolved 
= C 4.5 a 5.5 Hn 14.0 3 
d W 6.0 ” 18.0 ” I4.0  " 
A J 4.5 » 6.5 ” 5.5 " 
X 4.0 i I2.5 ” 13.0 ” 
Y 44 ” I0.0 "| 15.5 ” 
T 10.5 20.0 ” 15.0 ” 
B 20... T 8.5 60.0 Correct 
I 4.5 ” 8.59 ” 21.0" 
M 5.0 Correct 8.0 E 5.0 Incorrect 
Q 9.5 ” 9.5 " $.$ " 
U 4.0 ” I2.5 ” I6.0 Unsolved 
Av. 4.5 9.9 15.5 
S.D. 2.5 6.7 II.O 
|| A 5.0 Incorrect 7.5 Inoorfect 4.5 Incorrect 
& B 4.5 Correct .. 34.0 Correct 17.0 Correct 
5 Cc (5.0 v 12.0 dé 37.0 Unsolved 
Oo D 16.0 n 27.0 H 29.0 Correct 
E 2.0 Incorrect ` 4.0 Incorrect 4.0 Incorrect 
^" Av. 6.5 16.9 l 18.3 
S.D 4.97 — 11.6 13.1 
RESULTS 


Table I summarizes the time (in minutes) required for and the 
nature of every solution presented by a gróup or by the individual 
Ss im the first half of the experiment. It will be seen that only 5 
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correct solutions out of & possible 63 were returned by the different Ss. 
There were 8 correct solutions out of & possible r5 for the groups. 
That is, 7.9% of the solutions turned in by individual Ss were correct, 
while 53% of the solutions turned in by groups were correct. It 
was found that the false solutions to the problems could be divided 
into several different types. In Problem 1 two types of false solution, 
handed in by 13 different individuals, made an error in the first move, 
4 made an error in the third move and 1 made an error in the fifth. 
It took 7 single moves to solve the problem correctly. No group 
erred on the first move; one erred on the third and one on the fourth. 
Group activity would seem to insure not only & larger proportion of 
correct solutions, but also that even in erroneous solutions the error 
is not made so early in the solution. 

The solution to Problem 2 shows the same. It takes 13 single 
moves to arrive at a correct solution. Among the individual Ss, 3 
erred on the first move, 4 on the second, 6 on the third, 2 on the fifth, 
2 on the sixth, 1 on the seventh, and 2 on the eighth. The last 3 who 
erred on the seventh and eighth, did not consider their solutions 
completed as all the cannibals and missionaries had not been trans- 
ferred to the B-side of the river. It is interesting to note that no 
group got as near as this to & correct solution of this problem and 
then failed to reach it. Three groups solved the problem correctly; 
both of the others erred on the fifth move. 

Problem 3 eannot be classified so easily on the basis of the first 
false move, since in all cases, except in one group, once the method of 
transfer was hit upon success was assured. In the case of 7 individual 
Ss no solution at all was recorded; it may be assumed that they were 
unable to reach one. Six individual Ss skipped circle B, the transfer 
station. Two spread the disks out in B until 4 had been transferred; 
then the disks were piled up and the fifth one either transferred 
through B to C or skipped over B to C. After this the others were 
again spread out and then transferred to C. Four individual Ss 
slipped the disks from underneath. Ons group skipped the transfer 
station; one spread the disks out as described above. No group 
slipped them from underneath; 2 groups contemplated this but 
abandoned it as being too simple; one group abandoned spreading 
them out as also being too simple. In Group C, Problem 3 has been 
recorded as unsolved, but this does not fairly represent the group. 
They had successfully transferred 4 disks into circle C and the fifth 
into circle B, but in manipulating to get the fifth disk into C they lost 
sight of their real aim and became confused. 'lhey quit work then, 
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although saying that they ‘probably could figure it out if they 
stayed with it long enough.’ The instructions for this problem ap- 
pear not to have been sufficiently clear in the prohibition of. certain 
procedures. It was felt that too many instructions here might make 
the correct solution too obvious, although the bizarre plan of spread- 
ing the disks out in the circles was never anticipated. The problem - 
had been previously tried out both on groups and separate individuals, 
and neither the plan of spreading out the disks nor that of slipping . 
them from underneath had occurred. The instructions had, there- 
fore, been assumed to be adequate. It is to be noted that several Ss. 
indieated that they were aware of not having followed the directions 
exactly. For example, one individual who slipped them from under- 
neath commented, ‘“This seems too simple but I can’t see how it can 
be solved without moving a covered disk." Also, after the experi- 
ment, one individual S was overheard by E, saying that “since the 
instructions did not say that the disks shou d not be slipped from 
underneath” she solved the problem that way because she “could 
not see how else to do it.” i 

Table II gives the time and number of. errors made by every 
individual S, and by every group of Ss on the three problems given 
in the second half of the experiment. The seventh column, which. 
is headed “location,” gives the number of miles which the proposed 
location is from the best location. The eighth column gives the 
number of excess miles which the two irs travel, the shortest. 
possible number of miles being 12. 

It will be noted that here, as in Problem a, a greater percentage 
of the groups obtained a correct solution than individual Ss, Of 
the solutions reported by the different Ss s. 1% were correct; and. 
by the groups, 27% were correct. 

The incorrect solutions in this half of the — also are. 
interesting when analyzed. Among the groups there were 4 correct. 
solutions on the first problem, the single error being the transposition 
of the words time immemorial” to read “immemorial time.” Only 
3 Ss completed the sentence to read as it had in the original. By 
far the greatest number of errors lay in the placing of the single: 
word "there," which could be put in 7 different places without. 
disturbing the smoothness of the sentence. | This error was made 
^ (often together with others) in ro cases by individual Ss but by no- 
group. Five Ss submitted solutions whereih the structure of the. 
Sentence was poor. | 


[ 
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SHOWING FOR EVERY INDIVIDUAL S AND Fon Every GROUP or Ss Tux TIME IN 
MriNvvES REQUIRED FOR A SOLUTION AND THE NUMBER AND NATURE OF 
THe Errors MADB IN tem PROBLEMS or rug Seconp HALF or THe 


Problem r 
Time Errors 
A’ 6.0 2 
B’ 8.0 I 
C 12.0 O 
D' 7.0 8 
F’ 8.0 I 
G' 2.0 I 
H' I4.0 I 
E J’ 6.0 I 
B E 9.0 2 
E L’ 7.5 I 
bet M' II.O 7 
X 12.0 3 
P’ 8.5 9 
Q' 5.0 I 
wW’ 6.5 0 
y 6.0 O 
N’ 10,0 o 
Ay. 8.2 
S.D. 2.9 
A’ 3.0 O 
gp B’ 12.0 o 
3 C 6.0 I 
6 D 2.0 o 
E’ 4.5 O 
Àv. 5.5 
S.D. 3.5 


EXPERIMENT 
Problem 2 


Time Solution 


27.0 Unsolved 
37.0 |". 
150.0 Incorrect 
25.0 Unsolved 
16.0 Incorrect 
6.0 Unsolved 
20.0 xí 
85.0 Incorrect 
35.0 Unsolved 
20.0 Me i 
42.0 Incorrect 
39.0 Unsolved 
17.0 T 
31.0 Incorrect 
29.0 Unsolved 
78.0 Incorrect 
26.0 Unsolved 


40.2 
33.8 


28.0 Incorrect 
45.0 3) 
69.0 » 


26.0 id 
40.0 H 
41.6 
I5.4 


0.0 


2. 


I. 


M m6 B ME rM 
& a ç a @ — 8 


Problem 3 

Time Location Excess 
5.0 1.25 
21.0 .125 
35.0 .25 
25.0 1.0 
16.0 1.25 
13.0 3.0 
15.0 -25 
30.0 6.0 
12.0 4.0 
24.0 6.0 
18.0 1.25 
14.0 4.0 
12.0 1.25 
10.0 4.0 
18.0 Unsolved 
29.0 4.0 
10.0 3.0 
18.0 2.5 
7.9 1.9 
3.0 .25 
10.0 4.0 
00.0 Unsolved 
8.0 5.0 
10.0 1.25 
8.0 2.6 
2.9 


None of the individual Ss solved Problem.2 correctly; 11 stated 
that they could not solve it and presented no solution. The 6 other 
individual solutions varied in their degree of imperfection. One S 
simply composed a complete sentence to finish the sonnet. Three 
others had either 3 or 4 of the rhyme words, but an erroneous rhyme 
scheme. One person had the first line in accord with the original 
and one had the last line correct. Others made more or less serious 
errors here. The second and third lines were never correctly written 
by any individual. All groups turned in a solution. The rhyme 
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scheme was correct in all cases; the first line was correct in 3 cases 
and the last one in 4. Group B had the two middle lines almost ` 
correct. The meaning was the same as that in the original, although 
several words were misplaced. In some group and some individual 
solutions the words had been so arranged as to convey a meaning 
almost opposite to that in the original. . 

Neither a group nor an individual arrived at a correct solution 
of the third problem. The average error in location and average 
excess number of miles traveled were about equivalent for the groups 
and individuals. In part, the absence of & correct solution may: be 
due to the fact that it took a long time to solve the first and second 
problems. In many cases the completion of the third meant dismissal 
for the evening; thus perhaps any apparently suitable location was 
accepted. (On the other hand many persons took the problems ` 
home with them in order to complete the second and third. They 
kept time for themselves and returned the solutions the next week.) 
A comparison of Tables III and IV shows that among the groups 
the total number of suggestions was by far the least in the third 
problem. | mM | 

Reference to the notes kept by the n te-takers will give more 
definite information regarding the activities within the groups. All 
those in a group do not participate equally in the group activity. 
Such remarks or tabulations as the followibg are found in the notes 
from three groups in all. (The note-takers humbered the Ss to facili- 
tate taking notes.) “S ı and S 3 were leaders in the solution." 
From the tabulation of suggestions given in the solution referred to- 
it is found that S 1 made 7 suggestions and|S 3 made 14 suggestions; 
while S 2 and S 4 made, respectively, 2 and 3 suggestions. Later 
in these same notes we find, “S 2 not contributing much." In another 
set of notes: “S 3 and S 4 offered no suggestions during the solu- 
tion.” In the next problem solved by this same group S 2 made 
16 suggestions, S 1 made 12, S 4 made 8,/and-S 3 made 5. From 
yet another set: “S r and S 4 did most of the suggesting, S 2 and 
S 3 not working much." In solving Prob m 2 in the first half of 
the experiment the note-taker remarks that “S 2 and S 3 draw 
their own diagrams and become absorbed in them: do almost no sug- 
' gesting.” In solving Problem 3 “S 3 made no comments at all, 
S a spoke only a few words.” In one of the above groups an S _ 
who participated a great deal in group activity very soon assumed 
the task of manipulating the material in the place of the less active 
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S who had been appointed chairman. Possibly one could get inter- 
esting, meaningful, and perhaps quite different sets of results by 
using in one set of cases groups with a chairman either equal or 
superior to the group, and in another set groups having & chairman 
inferior to the group in ability. 

In some groups quite the reverse situation is found, and all 
members eoóperate splendidly. Such comments as the following are 
found in the notes from the three groups: “All contributing beauti- 
fully," and later, “all codperating and making check suggestions." 
From another, “suggestions coming from all four about equally.” 
Another records, "the four members coóperate well," and on another 
page, “splendid group work." 


TABLE III 


SHOWING, Fog EVERY GROUP or Ss, tan NUMBER or CORRECT AND INCORRECT 
SuGGESTIONS AND REJECTIONS, AND THE NUMBER oF REJECTIONS BY 
Taoss MAKING THE SvucaESTIONS AND BY OTHERS OF THe GROUP 
(Problem 1, Second Half of Experiment) 


Suggestions i; Rejections 
Groupe No. Correct Incorrect Correct Incorrect Maker Others 
A’ 29 18 II 3 II 7 7 
B’ 24 18 I 6 I 6 
C’ 17 8 9 o 8 o 8 
D’ 20 11 9 2 9 2 9 
E' 31 | 25 6 2 6 2 6 
Totals 121 80 41 8 40 12 36 


In the first half of the experiment Groups À and E solved all 
problems incorrectly. From notes kept there was apparently but 
little criticism of the work in Group E. The note-taker remarks, 
“All satisfied with the solution.” The members of Group A, how- 
ever, seemed to recognize that they were not taking all specifications 
of the problem into consideration, but rationalized their procedure 
and turned in solutions. At the end of the first problem the recorder 
notes that “they conclude that they have solved the problem, though 
perhaps not in the way the directions signify.” This group is one 
of those referred to above in which the members do not participate 
equally in the group activity. In Problem 2 they finally agreed that 
the boat’s contact with the shore would not constitute a case of 
outnumbering by the cannibals! In Problem 3 they failed to consider 
circle B always as a transfer station, but skipped it whenever it was 
convenient to do so. 
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In the other groups there is much more reference to the checking 
of errors and meeting the conditions of the problem. One group 
worked a solution through three times to be sure that they had met 
all specifications; in: the last trial they discovered an error which 
would have made their solution wrong. The notes on these groups 
also mention numerous references to the stated problem to see that 
all qualifications were being taken into account. 

Table III above deals with Problem 1 in the second half of the 
experiment. Column 2 shows the total number of suggestions made 
in each group. Columns 3 and 4 show respectively the number 
which were in reality correct and the number which were incorrect. 
Columns 5 and 6 indicate whether those suggestions which were 
rejected were respectively correct or incorrect. Columns 7 and 8 
show the number of suggestions which were rejected by the indi- 
vidual making the suggestion or by another member of the group. 

It will be noted from Table II that there was-only one error (a 
word transposition) in any group solution. In one case, Group A’, 
the suggestions rejected by the proposer or by another are exactly 
equal in number; in all other cases more were rejected by another 
member. Considering all groups together, three times as many 
suggestions were rejected by another member of the group as by the 
proposers of the suggestions. Five times as many incorrect as correct 
suggestions were rejected, whereas of the total number of suggestions 
made, twice as many were correct as incorrect. This fact may be 
considered in connection with the relative number of correct solutions 
among groups and among individuals. This quantitative check on 
rejections was not kept in the first half of the experiment, but from 
its results in the second half, together with the proportion of correct 
solutions in the first half, and the fact that notes on the groups 
presenting correct. solutions emphasize the checking of erroneous 
moves, it seems as though group supremacy in the first half might 
have been in part due to the rejection of incorrect suggestions or 
the checking of errors.’ Also it was found that no group was com- 
posed of four superior individuals. All this would seem to indicate 
that one point of group supremacy is the rejection of incorrect ideas. 
that escape the notice of the individual when working alone. Perhaps 
this may be the greatest point of group supremacy. 

It is impossible to say with any certainty whether the rejected 
correct suggestions were rejected oftener' by the proposer or by 
another member of the group. Only 8 correct suggestions were 


1 


1 
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rejected, and these were all later accepted, since the solutions were 
with but one exception absolutely correct. (In the solution where 
two words were transposed, the correct suggestion concerning their 
position was never made: this was a case of the acceptance and 
retention of an incorrect suggestion.) Five of the correct suggestions 
were rejected by the proposer and 3 by another, but with so small a 
total the difference is not significant. 


TABLE IV 


SHOWING, For Eymry Grove or S8, rug NUMBER or CoRREOT AND ÍNCORREOT 
SUGGESTIONS AND REJECTIONS, AND THE NUMBER OF REJECTIONS BY 
Tnuoss Maxine THE SUGGESTIONS AND BY OTuENS OF ran Group 
(Problem 2, Second Half of Experiment) 


Suggestiong Rejections 
`” Groups No. Correct Incorrect | Correct Incorrect Maker Others 
A’ 71 32 39 IO 35 18 27 
B’ 49 23 26 9 20 8 19 
C’ , 76 35 4t 9 29 7 31 
D' 32 I5 17 2 I3 4 II 
E’ 37 17 20 2 14. 3 I4 
Totals 265 122 143 32 III 40 IOI 
TABLE V 


SHOWING, FOR EvgRY Group or Ss, THe NUMBER or CORRECT AND INCORRECT 
SUGGESTIONS AND REJECTIONS, AND THE NUMBER OF REJECTIONS BY 
Tkosg MAKING THE SUGGESTIONS AND BY OTHERS OF THE GROUP 
(Problem 3, Second Half of Experiment) 


Suggestions Rejections 
Groups No. -Correct Incorrect Correct Incorrect Maker Others 
A’ 17 6 II 3 7 4 6 
B’ 10 3 7 I 6 o 7 
C’ (No solution attempted) 
D’ 10 2 8 o . 8 o 5 
E! 13 5 8 2 4 I 5 
Totals 50 16 34 6 22 5 23 


Tables IV and V summarise the data received on Problems 2 and 3. Since 
neither of these problems was correctly solved in any case, the value of the 
group checking does not appear so clearly, But a consideration of these results, 
with an analysis of individual and group work on these two problems, brings out 
the same fact as above. For example, only 6, or 35%, of the individual Ss pre- 
sented & solution to Problem 2, as compared with 5, or 100%, of the groups. 
But perhaps more important than this is the fact that only one individual solu- 
tion presented the idea conveyed by the part of the sonnet quoted; the other 
presented an opposite situation. (That is, they had Simple Simon railing “at 
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ill lack and unkind fate.”) Three groups conveyed the correct idea, while only 
2 reversed the conditions. That is, only 34 of the individual Ss, as compared. 
with 34 of the groups, succeeded in grasping and presenting the proper situation. 
It seems not altogether improbable that this is a ditect result of the rejection of 
incorrect ideas in the group; which, it should be noted again, is done largely by 
another member than the proposing one (2.52 times as many suggestions were 
rejected by another as by the proposer). 

We find in the case of Problem 3, first, that all groups met the requirement 
as to the capacity of the buses, whereas 2 indivi Ss placed more than 35 
pupils in a bus (one placed 43 and the other 37 in one of the buses). Other than 
this, however, no superiority either of group individual or of individual 
over group is shown when the two are compared as|a whole. 





SUMMARY . 

The purpose of the present study was to compare the ability of 
individuals and coóperating groups of 4 pe sons in solving complex 
problems. The problems involved a number of steps, all of which ' 
had to be correct before the right answer, was obtained, but they 
are still far from the life-situations usually met. The groups were 
roughly equated so that no one group was composed of 4 superior 
individuals, but the students used were ia highly selected group 
when compared with the population as a whole. 

Upon the basis of the data and discussion presented in the fore- 
going pages the following conclusions justified: 

— (x) Groups seem assured of a much larger proportion of correct 
solutions than individuals do. 

(2) This seems to be due to the rejection of incorrect suggestions 
and the checking of errors in the group. 

(3) In groups of the size here used more incorrect suggestions 
are rejected by another member of the gro p than by the individual 
who proposed the suggestion. 

(4) All members-do not coóperate or icipate equally in the 
solution of the problems. | 2 | 

(s) In erroneous solutions (where it is possible to determine the 
exact point &t which the first error was e), groups do not err so 
soon a8 the average individual does. | 


TIME RELATIONS FOR THE DIFFERENT CATEGORIES OF 
JUDGMENT IN THE ‘ABSOLUTE METHOD’ 
IN PSYCHOPHYSICS’ | 


By SamorL W. FgRNaERGER and Francis W. IRWIN, 
University of Pennsylvania 


The question of the time relations of judgments of different 
categories in psychophysics is a problem on which a good deal has 
' been written but one on which surprisingly little quantitative experi- 
mental work has appeared. Kellogg,! in his historical review of the 
literature, mentions only 7 studies, most of which do not apply directly 
to the present problem. 

Martin and Müller? and George? discovered that the judgments 
of ‘doubtful,’ or undecided and the like, took longer than the forma- 
tion of other categories of judgment and concluded that they should 
be excluded from the psychophysical measurement methods. George 
also found that the ‘equal’ judgment required more time than those 
of ‘less’ or ‘greater,’ the order and average magnitude of the reaction 
times being: ‘less’ = 0.88 sec.; ‘greater’ = 0.92 sec.; and ‘equal’ 
= 1.10 88C. 

In Kellogg's own study of visual intensities, two arrangements 
were employed: a two-category plan, in which only Judgments of 
‘plus’ and ‘minus’ were admitted; and a three-category plan, in which 
‘equal’ judgments were added to the other two categories. For 
each of 5 Os the average of the reaction-times of the two-category 
plan were shorter than those for the three-category plan. Kellogg 
concluded that “the judgment times in the three-category series 
average throughout about 10% larger than those in the two-category 
series. The increase in time is explained as a function of the greater 
subjective difficulty of being prepared for three possible alternatives 
in the one case as against the relatively simpler preparation of two 

*Accepted for publication April 30, 1932. 

iW. N. Kellogg, The time of judgment in psychometric measures, this Joun- 


N 1931, 65-86. 
Ew . Martin and G. E. Müller, Zur Analyse der Unterschtedsempfindlichkett, 


1899 196-206. ; . MEA f 
8. 8. George, Attitude in relation to the psychophysical judgment, this 
JOURNAL, 28, 1917, 1-37. 
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alternatives in the other."* Unfortunately for our present purpose, 
Kellogg in no place gives the reaction-times for each of the categories 
in his three-category plan. l 

There ean be no doubt that the ‘equality’ judgment has been 
open to suspicion since the beginning of psychophysics. Much of 
this suspicion has a purely introspective basis, the ‘equal’ judgments 
seemed legs‘ positive, slower, and more frequently required confirma- 
tion than the judgments of difference.  . Martin and Miiller’s and 
George’s experimental findings seem-to definitely confirm the intro- 
spective findings with regard to thé slower relative speed of the. 
formation of the ‘equal’ judgment. 

“Some time ago the senior author presented results which indi- 
cated the possibility of employing the ‘absolute method’ in psycho- 
physics. The classical method has been to present to the Os stimuli 
in pairs—a standard stimulus and a comparison stimulus. In the 
‘absolute method’ only single stimuli are presented to the O and for 
each stimulus he is instructed to give a Judgment in terms of the 
three categories, ‘less,’ ‘intermediate,’ and ‘heavy.’ It was found 
that if completely naive Os are given such an absolute series. normal 
curves of the psychometric functions ard obtained for all three 
categories as the basis of the calculation of limens, although there is 
less precision of judgment and greater intervals of uncertainty than 
one finds in the usual relative series. These findings were confirmed 
by Davies and Babb.’. 

_ It seemed worth while to determine the reaction-time relations 
of the formation of judgments of the three categories of judgment 
by the ‘absolute method’ to discover whether there is any relation 
between the time relations for the absolute method and those which 
had been previously found for the three-category plan for the ‘relative 


method.’ The relatively larger number of {intermediate’ judgments . 


for the absolute method as compared with the number of ‘equal’ — 
judgments for the relative method (as e ' idenced by the greater 
magnitude of the interval of uncertainty) ed a favorable condi- ` 
tion for the present study. The importance of the present study 


‘Kellogg, op. cit., 85. | 
*For a detailed review of the literature conc uality judgment, 
, ef. S. W. Fernberger, The use of equality oie Tas psychophysical proce- 
dures, Psychol. Rev., 37, 1930, 107-112. 
*Fernberger, On absolute and relative judgments in lifted weight experimenta, 

this JOURNAL, 43, 1931, 560-578. 

. "E. Davies and W. W. M. Babb, Concerning the absolute method i in psycho- 
physics, this uo 44, 1932, 367-369. 
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has its basis in the aeceptance of the criterion of reaction-time differ- 
ence as the basis for the retention or elimination of categories of 
judgment in the hands of both George and of Kellogg. 


Merson 
Lifted weights were employed in the present study. Fourteen aluminum 
cylinders were cast, and drilled and filed to the proper weight. They varied, 
in the regular series, from 88 to 112 grm. by intervals of 4 grm. These stimulus- 
objects were placed about the circumference of a circular table with a revolving 
top so that each one could be successively brought under the reacting hand of O. 


N PUR cun) ms 


d 


eB 
N -— 
g Pd 





Fig. 1. Deran or Wema or SriuuLnUB-TABLE 


A, wires to chronoscope; B, brushes beneath table; C, collection rings beneath 
table; D, gap in wiring; and E, gap in wiring closed with weight in position. 


Two series were employed, each carefully arranged in order to reduce the effects 
of interserial expectation. The order was changed frequently in order to elimi- 
nate the possibility of learning the series.* 

These metal weights rested on copper wires fastened to the surface of the table 
and these wires were connected with a Dunlap Chronoscope.? The wiring ar- 
rangement was such that the lifting of any weight opened a gap which the weight 
bridged when it waa on the table and so actuated the chronoscope. After con- 
siderable experimentation a bridge contact of tke form shown in Fig. 1 was 
adopted. The wiring will be observed to be discontinuous, forming a gap which 
corresponded to the position on the table of every weight so that the weights 


SFernberger, Interdependence of jRdenus within the series for the method 
of pfe Btimuli, J. Exper. Psychol., 3, 1920, 125-150. 

*This experiment was made oe by & grant from the Faculty Research 
Committes of the University of Pennsylvania for the purchase of the Dunlap 
chronoscope and accessory apparatus. 
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closed the gap made by the three wires. The eurrent passed through collection 
rings underneath the table. In order that the top of the table might swing freely 
it was necessary to take the current to and from the collection rings by means of 
brushes and these were wired directly to the chrondscope. : Hence the circuit was- 
closed only when all of the weights covered the gaps and the lifting of any one 
of the 14 weights would break the circuit and actuste the chronoscope. 

The advantage of this three-point contact is that any weight may be moved 
about the surface of the table to a considerable extent and still rest on two of 
the three essential wires. We first tried a series of parallel wires but found that 
a relatively small displacement of the stimulus led to a tilting of the weight which 
caused a poor contact. Substitution of nickel plated parallel brass bars for the 
parallel wires gave no better contact and then the three-point contact described 
above was adopted. 

Thus the chronoscope was started automatically by the lifting of a weight 
and it was hoped that the chronoscope might be stopped by having the judgment 
verbalized into a voice key. Preliminary experiments indicated, however; that 
this was not feasible due to the fact that the Os, in a long series of judgments, 
characteristically allow the head to drop so that the chin rests on the chest and 
Bo they fail to maintain a constant spatial relation between the mouth and the 
voice key. Furthermore it might be suspected, ini the absence of either positive 
or negative evidence, that there might be differences in actuation-time of the 
voice key by the different words of the various categories of judgments and, if 
this were true, it would be the basis of a constant : error. We therefore discarded . 
the voice key and, throughout the experiments reported, employed a pneu- 
matic-key actuated by pressing a rubber bulb for stopping the chrono&cope. 

The constant speed motor of the Dunlap chro pe was run on commercial 
A.C. 60 cycle current. This current proved to de such cycle constancy as to 
be within the limita of sensitivity of the chronoscope.!° Thus, running on iss 
current each unit of the chronoscope dial had & time value of 1/1200 sec. 

The weights were presented successively to the Os except as noted below.! 
In order, to allow time for the reading of the chronoscope it was not possible to 
have the lifting done continuously and controlled by the beats of a metronome 
in the usual manner. In the present experiment, each lifting was a disparate 
affair. E said “Ready, now, one, two, three, four’ at & rate maintained as accu- 
rately as possible at 92 per min. On the signal ‘ y, now" O raised his hand; 
on “one” the hand was lowered and the weight grasped; on “two” the weight 
was lifted; on “three” the weight was replaced on the table and on “four” the 
empty hand was lifted. 

"The Os were given the following instructions at the beginning of each experi- 
mental period: 


e uad ciescn E or week vibus d slightly one 
from another me are light, some are apt and some are intermediate. 
Immediately after the lifting of a weight, you will whether it was light, 
intermediate, or heavy. The form of your report consist primarily of the 


10H The accuracy of phase cycles in ja commercial electric current, 
' this JOURNAL, o dde I 1932, 5f 582-583. 

UFor a d iption of the manner lifting the ts cf. 8. W. 
Fernberger, On the relation of the methods of j ae rh hy ifferences and 
constant stimuli, Psychol. Monog., 13, 1913 (no. Gr, 6-11. l 
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pressing of the bulb. It is immaterial whether or not you verbalize your judg- 
ment simultaneously with the pressing of the bulb or subsequently. 

In spite of the last part of these instructions, however, every O adopted the 
method of verbalizing the judgment simultaneously with the pressing of the bulb. 

Four Os, all graduate students in psychology at the University of Pennsyl- 
vania, completed a long series of Judgments during the autumn and winter of 
the academic year, 1931-1932. Those who took part were Mr. Leon Arons (A), 
Mr. Emil E. E. Folgmann (F), Mr. Winslow N. Hallett (H), and Mr. Malcolm 
G. Preston (P). A and H were highly practiced in lifted-weight procedures, 
and F and P were entirely without practice. None of the Os had practice in the 
formation of judgmenta by the absolute method before the present experiment. 

A total of 12,950 judgments were obtained in the entire experiment. For 
F, H, and P 10 complete series of 350 judgments each were obtained. For A 
only 7 complete series of 350 judgments were obtained. At the end of the 
seventh series A suffered a prolonged illness and it seemed inadvisable to com- 
plete his data after the long interval. 

The judgments and the reaction-times were both recorded in such a way that 
complete identification and correlation of the two sets of data was possible. 
The senior author throughout the experiment presented the weights to the Os 
and recorded the judgments and the junior author throughout the experiment 
read the chronoscope. l 

The chronoscope was read throughout to the exact unit of the dial. For 
purposes of calculation the reaction-time readings were treated by grouping to 
the nearest 10. The calculations were made in terms of the units of 1/1200 sec. 
and were transposed to sigma units only at the end of the calculations. The 
limens were treated in accordance with Urban’s treatment of the results for the 
method of constant stimuli. 

RESULTS | 

Limens. Although our primary interest in the present study is 
in the reaction-times for the formation of the judgments of the 
different categories, it seems worth while to inelude a discussion of 
the limens and other significant values of the psychometric functions 
for the sake of completeness because we have still so little informa- 
tion regarding the absolute method. These values will be found in 
Table I. In the first two columns will be found the values of the 
indices of precision (hi and h4) for the curves of the psychometric 
functions of the light and heavy judgments respectively. In the 
next two columns will be found the values of X, and 8s, the lower 
and upper limens respectively. In the next column are entered the 
values of the intervals of uncertainty (I. of U.) and in the last column 
the points of symmetry (P. of 8.).% In each row will be found the 


"We have, as the result of correspondence with Professor E. G. Boring, 
adopted this term for that value of stimulus i hed gaia to the intersection of 
the curves of the psychometric function of the ‘leas’ and ‘great’ judgments. The 
older term, "point of subjective equality," is not, of course, applicable when 
a standard stimulus is not used. 
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TABLE I 


Suowiwe rog EVERY O AND ror Every SERIES or EXPERIMENTS THE UPPER 
AND LOWER Lr«rNs, THE ÍwricES or Precision, THE INTERVAL OY 
UNGERTAINTY, AND THE POINT oF SyxuETRY 


.O Series 
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0.104 
0.096 
0.086 
0.070 
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0.094 
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0.093 
0.094 
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93 -54 
93 -49 
92.00 
90.84 
90.16 
91.18 
93.25 


92 .07 
91.04 


90.16 
92 .91 


93.03- 


93.27 
90.78 
92 .21 
89.26 
91.70 
91.51 
91.59 


92.48 
93.08 
88.57 
90.97 
93-13 
92.63 
91.98 
93.59 
94.76 
94-75 
92.59 


90 .64 
92 .24 


92.13 


87.21 
91.80 
96 .67 
95.23 
96.28 
99.33 
98.45 
93.90 


B 
IOI.25 
102.15 
102.16 

99.98 

99.40 


98.54 


IO2.16 
100.81 


103.26 
103.09 
106.67 
193.79 
105.24 
106.86 
105.01 
103.89 
105-43 


: 194.86 


104.81 


103.03 
102.34 
103.43 
103.21 
105.60 


104.55 


104.09 
104.19 
105.05 
107.57 
104.31 


102.16 
104.39 
106.57 
104.96 
107.84 
III.74 
109.18 
107.47 
107.43 
108.84 


107.58 


. L of U. 


7.71 
8.66 
10.16 
9.14 
9.24 
7.36 
8.91 
8.74 


I2.22 
I2.93 
13.76 
10.76 
11.97 
16.08 
12.80 
14.63 
13.73 
13.35 
13.22 


10.55 

9.26 
14.86 
I2.24 
12.47 


II.92 
12.11 


10.60 
10.29 
12.82 


II.71 


I1.52 
I2.I15 
14.44 
17.75 
16.04 
16.07 
13.95 
II.I9 

8.10 
10.39 
I3.16 


P. of R. 
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values for each fractionated series in the order in which they were 
taken and in the last rows will be found the average values for the 
entire experiment. 

The magnitudes of all of dins significant values correspond to 
those found by Fernberger? and by Davies and Babb.“ The intervals 
of uncertainty are invariably larger than those obtained by the 
relative method. For A, F, and H the values of the point of symme- 
try are lower than the central value of the stimulus-series (except 
for the value for Series 10 of H). An anomalous situation is found 
in this respect for P. For him 6 of the ro values of the point of 
symmetry (and the average for the entire experiment) are higher 


TABLE II 


Smgowixa rog Evnry O'ram Frequency OF OccunRRENCB OF THE DIFFERENT 
CATEGORIES OF JUDGMENT 


O Light Intermediate Heavy 
A 618 672 1160 
F 816 1466 : 1218 
H 973 1238 1289 
P ! 1083 1488 029 


than the middle stimulus of the series employed. A study of the 
values for the point of symmetry of this O indicates a shift from a 


.. negative to a positive error as the result of progressive practice. 


We have no ready explanation to offer for this anomalous situation 
with regard to the error of the point of symmetry for P. 
Reaction-tumes. In Table II will be found the distribution of the 
frequencies with which the judgments of the different categories 
were given by each of our Os. It will be noted that these frequencies 
- vary among them. A, F, and H give more judgments of heavy 
than light—a fact evidenced by the negative error in the points of 
symmetry discussed above. Also, as one would expect from the 
positive error of the point of symmetry, P reported more judgments 
of light than of heavy. One finds that F and P gave more Judgments 
of intermediate than they did for either of the extreme categories, 
while A and H gave more intermediate judgments than they did 
judgments of light but not so many as of heavy. | 
We first calculated the reaction-times for the entire experimental 
data for each O. These results will be found in Table III. Two 
rows are given to the results of each O. In the first row, in the - 


— MFernberger, op. cit., this JOURNAL, 43, 1931, 560-578. 
“Davies and Babb, op. cit., 367-369. oo 
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appropriate column, will be found the average reaction-times for the 
three categories of judgment, while in the same columns in the row 
immediately -beneath will ‘be found the probable errors of these 
averages. 

It will be observed that the average reaction-times of the inter- . 
mediate judgments for F, H, and P are larger than for those of either 
light or heavy judgments. For A the average reaction-time for 
intermediate is very slightly longer than that for light and equal to 
that for the heavy judgments. It will also be' observed that the 
reaction-times for judgments of light and heavy are very similar for 


TABLE III 


SHowinG For Evsgr, O tom Average Reacrion-Tom AND P.E. roa Every 
ONE or THE DIYFERENT CATEGORIES OF JUDGMENT 


(Times in sigma) : 

0 S Light ` Intermediate Heavy 
A Av. | 328 334 "834 

P.E. 95 84 86 ' 

F . AV. 864 909 i 860 ` 
P.E. 156 153 163 

HC Av. -— 609 673 639 - 
o P.E. 120 140. 122. 
p` pco CAS I510 1545 1520 
P.E. 104 118 122 


all the Os. For A, H, and P the averages for the light judgments 
are smaller than those for the heavy, while for F the reaction-times 
for heavy are somewhat smaller than for the light judgments. 

The other marked characteristic of this table is the Jarge magni- 
tude of the probable errors throughout for every O and for all of the 
categories of judgment. There seems to be no regularity of the order 
of magnitude of the probable errors for the different Os. For A the 
order of the probable errors from smallest to largest is intermediate, 
heavy, and light; for H it is light, heavy, and intermediate; for F 
it is intermediate, light, and heavy; and for P it is light, intermediate, 
and heavy. Each of the probable errors for each of the three cate- 
gories of judgment are thus found sometimes as lowest, sometimes 
as highest, and sometimes in an intermediate position. In no case 
are the differences in the size of the probable errors for the three 
categories for any O other than relatively small. 
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The differences between the average reaction-times are given in 
Table IV. For A the difference in average reaction-times are very 
small throughout. For F there is a small difference between the 
times for the light and heavy judgments and much larger and almost 
equal differences between the reaction-times for the light-intermediate 
and heavy-intermediate comparisons. For H the differences are 
larger on the whole than those for the other Os. The difference 
between the times for light and heavy and for heavy and interme- 
diate are of similar magnitude and the difference between the times 


TABLE IV 


SHOWING FOR Evyry O THE DrirrERENCES ÁMONG THE REACTION-TIMES OP THE 
VARIOUS CATEGORIES OF JUDGMENT 


Light Light Heavy 
O Heavy Intermediate Intermediate 
Á 6 6 0 
F 4 45 49 
H 30 - 64 34 
P 10 35 25 
TABLE V 
SHOWING THE SIGNIFICANCE OF THR DIFFERENCES GrvEN IN Tasun IV 
Light Light l Heavy 
O Heavy Intermediate Intermediate 
A 0.027 0.027 0.000 
F O.OII O.II3 l O.IIB 
H O.I7I 0.187 0.097 
P 0.118 0.032 0.097 


for light and intermediate is about twice that of the other two com- 
parisons. For P the order from smallest to largest difference in 
reaction times is light-heavy, heavy-intermediate, and light-inter- 
mediate. : 

In general, then, the differences in reaction-times are smallest for 
the light-heavy comparison and larger for the light-intermediate and 
heavy-intermediate comparisons but the relation is not as clear cut 
as one might expect from analogy with the results of George and of 
Kellogg. l , 

It seems worth while to apply some criterion of the significance 
of & difference and for this purpose we have chosen the values of P, 
the values for which will be found in Table V. These values give 
the probability that the difference will not vary by an amount greater 
than itself &nd they may therefore be considered as an index of 
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significance of the difference. They are dependent upon a ratio 
between the difference and the probable error of the difference and 
are found in a special table in Johnson." In the first column of this 
table are given the values of P, for the difference between the average 
reaction-times of light and heavy judgments for each O for the entire 
get of experimental data and in the next two columns, respectively, 
the values of P, for the differences between the judgments of light 
and intermediate and of heavy and intermediate. It will be observed 
that on the basis of this criterion none of the differences are at all 
statistically significant. Indeed, a closer examination of the table 
indicates that the differences between the light-heavy reaction-times 
are no more significant than those between light-intermediate or 
heavy-~intermediate. 

It has seemed worth while to fractionate the results in terms of 
‘each series of 350 judgments in the order in which they were taken, 
, and to calculate the averages and probable errors for each fraction 
and for every O. These values will be found in Table VI. 

An examination of Table VI indicates, for A, that there is a 
tendency for the average reaction-times to decrease rapidly in size . 
at the beginning of the experiment and then more slowly for all of 
the three categories of judgment. Also there is a very marked de- 
crease in the size of the probable errors from the first to all subsequent 
series. After the first series the probable errors for this A remain 
very constant except for a more gradual decline through the second 
geries for the heavy judgments. It will be remembered that A was 
highly practiced in lifted-weight procedure before the beginning of 
the present experiment. l 

The results for F are on the whole similar but show, in some 
respects, marked difference from those of A. Decreases in the size 
of the average reaction-times and in the size of the probable errors 
are found throughout. But the decreases in the size of the averages 
are much more marked for F—the averages for the last series being 
approximately one-half of those for the first series. Also the decreases 
in the reaction-times although rapid at first and slower later, continne 
to be observable throughout the entire experiment. One is led to 
believe that for F further experimentation would have led to further 
decrease in reaction-times, while in the case of A the reaction-times 
seem to be entirely stabilized long before the end of the experiment. - 


sW. W. Johnson, The Theory of Errors and Method of Least Squares, 1892, 
Table II, 154. 
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TABLE VI ` 


SHOWING FOR Every O THE Average Reacrion-Tom AND P.E. ror Every 
SERES or Exrermmnts FOR Evary One or THp DIFFERENT 
CATEGORIES OF JUDGMENT 


(Time in sigma) 
Light Intermediate Heavy 

O Series Av P.E. Av. P.E. Av PE 
I 528 152 523 137 527 128 

2 306 38 343 48 347 82 

3 330 45 367 45 362 48 

A 4 242 40 256 36 259 38 
5 302 58 306 36 305 39 

6 292 32 288 33 294 32 

7 260 41 262 36 267 34. 

I 1362 175 1398 182 1338 153 

2 1032 75 1069 73 1007 85 

3 920 88 970 79 898 90 

4 864 67 918 68 881 89 

F 5 862 77 942 62 865 75 
6 782 70 858 76 764 68 

7 709 81 761 73 698 76 

8 754 59 768 45 706 of 

9 713 72 766 46 683 59 

10 655 69 700 70 638 68 

I 892 550 rors 162 909 130 

2 741 99 862 104 746 91 

3 712 78 805 73 716 74 

4 650 67 729 89 683 84 

H 5 613 82 681 93 632 90 
6 528 62 579 72 550 68 

7 512 47 920 59 512 52 

8 479 68 528 6o 467 51 

9 499 72 558 73 533 70 

IO 512 49 548 68 533 65 

I 1379 142 1318 I19 I314 I2I 

2 1687 IOI 1688 90 1658 88 

4 3 1715 71 1728 92 1722 88 
4. 1601 103 1652 96 I607 88 

P 5 1615 69 1607 84 1546 74 
6 1450 69 1472 81 1414 72 

7 1398 71 1437 70 1420 83 

8 1442 58 1500 58 1539 68 

9 1453 49 1452 5I 1456 48 

IO 1488 52 1488 58 1498 48 
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For F there is a marked decrease in the size of the probable errors 
which, however, seems to have reached a low level by the end of 
the experiment. 

The results for H, an O also trained in lifted-weight technique, 
conform rather well with those of F. There is a decrease in the size 
of the average reaction-times and of the probable errors for all three 
categories of judgment. These decreases are great at first, less later, 
and seem to continue well toward the end of the experiment, where 
the values tend to level off and become stabilized at about the 
Series VII. 

. The results for P more or leas conform to those of the other 3 Os. 

P was entirely untrained in lifted-weight technique at the beginning 
of the present experiment. His results indicate a marked reduction 
in the sizes of the probable errors, relatively rapid at first and then 
proceeding more slowly. If one should eliminate the average reaction- 
times for the first two series, the results for P in the last eight series 
entirely and completely confirm those of the other Os. For the 
last eight series, the average reaction-times start relatively high and 
at first rapidly and then more slowly decrease in magnitude. The 
. reaction-times for all three categories of the first series, however, are 
smaller for P than those for any subsequent series. For Series 2 they 
are all considerably higher but not so large as the reaction-time for 
Series 3. We deemed it unwise to question this O during the experi- 
ment as to the possible basis of this anomalous result. Questioning 
after the experiment was completed elicited no positive explanation. 
We suggested the following explanation to this O to which he agreed 
but without any high degree of assurance: at the beginning he 
approached the experiment with a naive stimulus attitude which 
tended to give relatively rapid reaction-times for the formation of his 
judgments and that, after the first day's experimentation, he assumed 
a more critical attitude which tended to increase the length of the 
reaction-times. As a bit of confirmatory evidence, we noted that in 
Series 2 P volunteered the information that “the formation of these 
judgments is not as easy as I thought." 

Except for the anomalous first two series the rest of P's results and 
all of the results for the other Os are in substantial conformity. The 
reaction-times are relatively slow at first and, with progressive prac- 
tice, decrease rapidly in size and then more slowly. For all Os the 
probable errors are at first large and, with progressive practice, drop 
at first rapidly and then more slowly. The initial drop for the ` 
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probable errors is more rapid than that for the reaction-timea and 
the values of the probable errors stabilize at a relatively low mol 
earlier in the experimental geries. 

For the convenience of comparing the relations of the reaction- - 
times of the different categories of judgment for the fractionated 
series, we have thrown the reaction-time results of Table VI into the 
form of curves shown in Figs. 2-5. The curves for each O are given 
in separate figures. It will be observed that the curves for all the Os - 
are relatively of the parabolic.form typical of one type of the usual 
- learning curve, except for the anomalous resulta of Series 1 and 2 for P. 
The relative steepness of the curves for the different Os, Sees 
above, becomes more evident in this graphic form. 

. The primary problem of the present study, however, concerns the 
relative size of the reaction-times for the different categories of judg- 
ment, and, as it turns-out, at different stages in progressive practice. 

For A (Fig. 2) all three curves are almost identical. throughout. 
For all 7 fractions, the curves for intermediate and heavy Judgments ` 
may be considered identical. In two fractions, Series x and a, the 
reaction-times for light judgments are slightly smaller than those for 
the other two categories. For the other 5 fractions, Series 3—7, the 
curve for light judgments very closely corresponds to those of the 
other two categories. 

For F (Fig. 3) the curves are very similar in form and throughout 
are parallel to one another. The reaction-times for the intermediate . 
judgments are slowest for every fraction. The times for the light 
and heavy judgments are very similar. In 8 of the ro fractions, the 
reaction-times for heavy are slightly smaller than those for the light 
judgments. 

- For H (Fig. 4) it is evident that the reaction-times for intermedi- 
ate judgments are invariably larger than those for the other two 
categories for all ro fractions. All three curves are, however, very 
similar in form and are relatively parallel throughout. There is 
especially great similarity between the curves for the light and heavy 
judgments. In 8 of the ro fractions the curve for the light judgments 
is lower than that for the heavy judgments. 

The curves for P (Fig. 5) are again all very similar for all cate- 
gories of judgment. The different curves cross one another so fre- 
quently that we are unable to note any special tendencies as in the 
cases of the curves for F and H. One must conclude that the curves 
for P are similar to those of A in that examination discloses no con- 
stant differences of any sort. 
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TABLE VII 


SuowiNa rog Evzgy O ram DrerggaNcES AMONG THE KEACTION-TIMES OF THE 
VARIOUS CaTEGORIES or JUDGMENT FOR Evary SERS or EXPERI- 
MENTS AND THE SIGNIFICANCE OF THoss DIFERAN CE8 


Light-Heavy Light-Intermediate Heavy-Intermediate 
O Series D P, D Is D Pi 
I, I 0.000 5 0.011 4 0.091 
2. 4I 0.238 : 47 0.319 4 0.022 
3 32 0.254 37 0.304 3 0.043 
A 4 17 0.160 I4 0.134 3 0.032 
5 3 0.027 4 0.032. I O.OII 
6 2 0.032 4 0.038 6 0.070 
7 7 0.070 2 0.048 5 0.016 
I 24 0.954 36 0.081 60 0.123 
2 25 0.123 37 0.187 62 0.294 
3 22 O.09I 50 0.223 72 0.314 
4 17 0.081 54 0.294 37 0.176 
F 5 3 0.016 80 0.415 77 0.406 
6 18 0.102 76 0.378 94. 0.478 
7 II 0.059 53 0.254 63 0.314 
8 48 0.324 I4 0.102 62 0.465 
9 30 O.I7I 53 0.324 83 0.542 
IO I7 0.097 45 0.244. 62 0.334 
I 17 0.043 126 0.299 109 0.274 
2 5 0.016 I21 0.434 116 0.429 
3 4 0.016 93 0.438 89 0.434 
4 33 0.166 79 0.368 46 0.197 
H 5 19 0.086 68 0.284 49 0.197 
6 22 0.129 50 0.279 28 0.155 
7 0 0.005 8 0.059 8 0.054 
8 12 0.081 49 0.284 6I 0.368 
9 36 0.197 6I 0.309 25 0.123 
10 2I 0.144 36 0.233, IS 0.081 
I 65 0.187 6I 0.176 4 O,OII 
2 29 0.118 I 0.005 30 0.129 
3 7 0.032 13 0.059 6 0.027 
4 6 0.022 51 0.192 45 0.187 
P 5 69 0.363 8 0.043 61 0.289 
6 36 0.192 22 0.107 58 0.279 
7 22 0.097 39 0.208 17 0.081 
8 97 0.538 58 0.368 30 0.223 
9 3 0.022 I O.OII 4 0.032 
10 IO 0.075 0 0.005 IO 0.075 
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In order to determine the statistical validity of these differences 
we have calculated the values of P, for each difference for every: 
fraction of the results of all four Os. These values are given in Table 
VII. Two columns are given to the results in order for the differences 
light-heavy, light-intermediate, and heavy-intermediate. In the first 
column of each pair will be found the values of the differences and in 
the second column the values of P, for that difference. | 

For A the differences are small with the exception of'4 values 
which occur in two seties (light-heavy and light-intermediate of 
' Series 2 and 3). These larger values of difference are due to variations 
of reaction-times of the light judgments. All of the other differences 
are extremely insignificant and this is especially true, throughout, 
for the differences between the heavy and the intermediate judg- 
ments. The probable errors being large all of the values of P, are so' 
small as to be entirely without statistical significance. 

For F all of the differences are considerably larger than those for 
A. The averages for the three differences for the three comparisons 
_ are of considerable magnitude. These averages are: light-heavy, 21.5; 

light-intermediate, 49.8; and heavy-intermediate, 67.2. These results 
are what one might expect from a consideration of the curves of 
Fig. 3, which indicates that invariably the reaction-times for all 
fractions were largest for the intermediate judgments, and in 8 of the 
xo fractions the values for heavy judgments were less than those for 
. light. The values for P,, however, indicate that when the probable 
errors, which were large for this O, are taken into account that the 
differences are not of statistical significance. The largest value of P, 
is,0.542 (heavy-intermediate, Series 9). Of the 30 values of P, for 
this O, 7 are less than o.1, 14 less than o.2, 20 less than 0.3, 25 lees 
than 0.4, and orily 5 greater than o.4. 

For H the magnitudes of the differences are again relatively large 
and seem to show relatively great variability for the different com- 
parisons. The averages for this O are light-heavy, 16.9; light-inter- 
mediate, 69.1; and heavy-intermediate, 54.6.- It will be remembered 
that the curves for H (Fig. 4) indicate that the reaction-times for 
the light and heavy judgments were quite similar while those for the 
intermediate judgments were invariably longer for all fractions. It 
will be observed, however, that the differences between the reaction- - 
times of the light-intermediate and heavy-intermediate comparisons 
are relatively large at first and tend to decrease with progressive 
practice. In no ease, however, are the values of P, of great statistical 


JUDGMENT-TIME AND THE ‘ABSOLUTE METHOD’ 521 


significance. The largest value of P, is 0.438 (light-intermediate, 
Series 3). Of the 3o values of P,, 9 are less than o.r, 17 less than o.2, 
23 less than o.3, 26 less than o.4, and only 4 greater than o.4. 

The differences for P are on the whole relatively large but, like 
those of A, show no constant relationship. Indeed the differences for 
light-intermediate and heavy-intermediate are smaller than those for 
light-heavy as will be seen from the averages: light-heavy, 34.4; 
light-intermediate, 25.4; and heavy-intermediate, 27.4. The values 
of P, for this O are again relatively or completely without statistical 
significance. The highest value of P, is the anomalously large one 
of 0.538. Of the 30 values, however, 15 are smaller than o.1, 23 smaller 
than o.2, 27 smaller than 0.3, and only 3 larger than o.3. 

Thus for all Os there seems to be no general tendency of increase 
or decrease of the size of the values of P, as the result of progressive 
practice. For only one O, H, is there a well-marked tendency for a 
decrease in the size of the differences with progressive practice. In 
this case there is also a corresponding decrease in the size of the 
probable errors so that no marked changes are to E noted in the 
values of P,. 

We wish to mention that we recognize the fact that for F and H 
the values of reaction-time for the intermediate judgments are in- 
variable higher than those for either of the two other categories for 
all 1o fractions. Thus the probability that this difference is not due 
to chance is of the magnitude of r:219. In spite of this, when one 
applies some measure of the significance of the differences such as 
the-values of P, it would seem that the significance of the bare 
probability is minimized. 

Progressive practice. The effects of progressive practice on the 
limens and other significant values of the psychometrie functions for 
the relative method have been known for some time. Urban, and 
Fernberger," have shown that progressive practice tends to increase 
the values of the coefficients of precision of the psychometric functions 
of both the greater and less judgments; decrease the size of the 
interval of uncertainty and also decrease the magnitude of the point 
of subjective equality. Fernberger has also shown similar effects of 

F, M. Urban, Der Einfluss der Übung bei Gewichtsversuchen, Arch. f. d. 
ges. Psychol., 29, 1913, 271-311. 
""Fernberger, The effects of practice in its initial stages in lifted weight experi- 


ments and its bearing upon anthropometric measurementa, this JOURNAL, 27 
1916, 261-272. 
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progressive practice for the absolute method.!* The present set of 


results reveals another effect of progressive practice hitherto unre- . 


vealed in the experimental literature of the reaction-times for the ` 
formation of psychophysieal judgments to our knowledge. We find 
a marked and relatively regular decrease in the reaction-times for. 
all three categories of judgment for the absolute method. As re- 
vealed in Table VI and in Figs. 2—5, the decrease is at first relatively 
. rapid and then slower until a level is reached. Hence these curves 
are of the relatively parabolic form so familiar with one type of the 
usual learning curve. Wide individual differences are observable, as 
one would expect, in the size of the average reaction-times at both 
the beginning and at the end of the practice period. Also individual 
differences are to be observed in the steepness of the curves. These 
individual differences in the steepness of the curves can be explained ` 
for 2 of our Os in & manner which fits entirely with the expected re- 
sults. The curves for A show the least decrease and it will be re- 
membered that this O was the most highly practiced in the lifted- 
weight technique at the beginning of the present experiment. On the 
other hand the curves for F show the greatest amount of decrease as 
the result of progressive practice and this O was one of the two en- 
tirely unpracticed Os At the beginning of the experiment. The steep- 
ness of the curves for H (practicéd) and for P (unpracticed) are both 
intermediate to those of the other two Os. Whether the curve forthe . 
unpraetieed P would have shown a greater amount of decrease if it 
had not been for his anomalous results in the first two fractions is 
something about which we have no information. With regard to 
these early series for P it is interesting to note that the values of his. 
intervals of uncertainty (Table I) show a course more or less similar 
^to his reaction-time curves. The values of the intervals of uncer- 
. tainty start low, increase considerably in magnitude during the first 
- three series and then decrease aaa but not regularly for the 
rest of the experiment. 

` DISCUSSION 
It had been shown by George that there were considerable differ- 
ences in reaction-times for judgments of different categories by the 
relative method in'psychophysies. On the basis of these, as at least 
one criterion, it was argued that the judgments of ‘less,’ ‘equal,’ 
and ‘greater’ might properly be retained in psychophysical procedures. 


. MFernberger, On absolute and relative judgments in lifted-weight experiments, 
tbid., 43, 1931, 560-578. 
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but that other types of ‘guess,’ ‘doubtful,’ and ‘or’ judgments should 
be eliminated. George also found that the average reaction-times 
for the three retained categories of judgment varied considerably 
from one another—that for less being fastest, that for greater in 
between and that for equal decidedly slower than the other two. It 
may be pointed out that this is what might have been expected for 
lifted-weights if the introspective analyses of the formation of judg-’ 
ments in terms of motor set is to be accepted as described by Martin 
and Müller? and by Fernberger.2° In the presence of such a motor 
set, occasioned by the lifting of the standard stimulus, the basis for 
the less judgment in lifted-weights is found to be that the comparison 
weight goes up easily (seems to fly up) from the table. The basis for 
the heavy judgment is that the anticipatory motor set is not sufficient 
to lift the weight readily or that the weight goes slowly from the 
table and not so high. On the basis of this analysis one would expect 
the less judgment to have a slightly shorter reaction-time than the 
greater Judgment. Both Martin and Miiller and Fernberger found 
that, although judgments of absolute equality were obtained, the 
equal judgment was frequently a negative affair of “no difference” 
rather than of actual equality and further that such judgments very 
frequently were followed by a subsequent verification process before 
the judgment was reported. It is obvious then that the equal judg- 
ment should have a longer reaction-time than either of the two differ- 
ence categories inasmuch as it seems to be of a less immediate charac- 
ter. Fernberger has shown that this difference in the nature of the 
formation of equal judgments and those of difference judgments is 
due to the fact that the normal instructions seem to set up an attitude 
in the mind of the O, of looking for difference.” 

Kellogg has gone still further and, on the basis of the criterion of 
reaction-times, has recommended the acceptance of a two-category 
plan with the inclusion of judgments of less and greater only rather 
than a three-category plan which includes the classical three cate- 
gories of judgment of less, equal, and greater. Kellogg found that 
the massed reaction-times under the two-category plan were smaller 
on the average than the massed reaction-times under the three- 

e J dan and G. E. Müller, Zur Analyse der Unterschtedsempfindhchkest, 
1899, 1 

Monter An introspective analysis of the process of comparing, Psychol. 
Monog., 26, 1919, (no. 6), 1-161, esp. 155 f. 

senaia ts The effect of the attitude of the subject upon the measure of 


pio ines, JOURNAL, 25, I914, 538-543; and Instructions and the psycho- 
4 43, 193%, 361-376. 
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category plan. Unfortunately for our present purpose Kellogg does 
not give the results of the reaction-times for each of the different 
categories within the three-category plan. 

The present writers are not inclined to accept without question 
the validity of the criterion of the reaction-time as indicating the 
validity of one or more eategories of judgment and the invalidity of 
‘others. In the case of George’s results, we believe that there are too 
few observations for the average to be of any great statistical value. 
` A total of 2529 reaction-times were obtained in all from 5 Os and 
these are distributed among 14 different categories of judgment. A 
total of 607 cases is the largest for any category of judgment from all 
5 Os. Furthermore, George publishes no probable errors or any 
statistical values of the significances of these differences. The present 
results would indicate that the probable errors of George’s averages 
would have been large and this would tend to decrease the significance 
of the differences, of course. Similarly Kellogg’s results, although 
more numerous, are treated in such a way as to fail to give the basis 
of comparison of the reaction-times of the categories of judgment i in 
the three-category plan.” 

1f, however, the reaction-time differences are a valid criterion for 
the elimination or retention of categories of judgment in psycho- 
physies, the present results would indicate that, for the absolute 
method, the choice of categories of ‘light’, ‘intermediate,’ and ‘heavy’ 
are all capable of being formed under a constant attitude and should 
all be retained. In no case are averages in reaction-times of these 
three categories significantly different for any O for the results of 
either the entire experiment or for any fraction as indicated by the 
smallness of the values of P,. Our differences for the three categories 
for the absolute method are considerably smaller than those obtained 
by George for the three major categories of. less, equal, and greater 
for the relative method. 

In the case of only one O does the rank order of the reaction-times 
correspond to that of George. For H the rank order from the fastest 
to the slowest average reaction-times is light, heavy, and intermediate. 
The results for P correspond to those of George in the respect that 
the reaction-times for intermediate are longer than for either of the 


"We have tried to obtain the original data of the George and Kell 
ments for purposes of further calculation. Professor K. M. enbach o oUm 


Uni orms us that George's data were destroyed a few years ago. Pro- 
fessor K is at “a away from Indiana University. He writes that he 
believes that he can his original data and that he will send them on his arrival 


at his University. 
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difference categories but, for this O, the times for the heavy judgments 
tend to be shorter than those for light. In the cases of the other two 
Os, A and P, there is no conformity with the results of George as the 
differences are not only very much smaller in the case of our experi- 
mental data but the times for the different categories vary one from 
another without any apparent general tendency. 


CONCLUSIONS 

Obtaining the reaction times of the categories of ‘light,’ ‘inter- 
mediate,’ and ‘heavy’ judgments for lifted-weight stimuli for the 
absolute method in which immediate judgments are obtained for a 
series of slightly different stimuli but without standard stimuli, 
we find: | 

(x) There is a marked and definite shortening of reaction-times 
as a result of progressive practice. This decrease is relatively great 
at first and then proceeds more slowly giving a curve of the parabolic 
type. This reduction in reaction-time is completely similar for all 
three categories of Judgment. 

(2) There is a similar decrease in the size of the probable errors 
of the average reaction-times for all three categories of judgment as 
the result of progressive practice. 

(3) For 2 of the 4 Os, although the reaction-times for the ‘light’ 
and ‘heavy’ judgments are very similar, those for the ‘intermediate’ 
judgments are invariably slightly longer than for either of the other 
two categories. For the other 2 Os, the average times for all three 
categories of judgment are invariably similar. 

(4) If some criterion of the significance of a difference, such as 
the values of P,, is obtained, the differences between the average 
reaction-times for the different categories of judgment are shown to 
be statistically without significance. This is true for the averages of 
all categories for either the entire experimental data as a whole or for 
any fraction of the experimental data and for every O. 

(5) If reaction-times may be considered as criteria for the re- 
tention or elimination of categories of judgment in psychophysical 
procedures, the present results clearly and definitely indicate that the 
categories of ‘light,’ ‘intermediate,’ and ‘heavy’ are properly chosen 
categories for the absolute method and that they should all be re- 
tained in the use of this method. 


WHOLE AND PART METHODS WITH VISUAL 
SPATIAL MATERIAL 


By LznaNb W. Crarrs, New York University 


The objects of the present experiment are (1) to determine the 
efficiency of whole and part methods for learning certain samples of 
visual spatial material, and (2) to secure further data regarding the 
influence of the material to be learned—its difficulty, unity, coherence 
—upon the efficiency of the learning. 

The first object represents an attempt to investigate the whole- 
part problem with a type of material very different from any hitherto 
employed—with material which is not only non-verbal and non- 
serial, but which also is of the kind sometimes classified as per- 
ceptual rather than as motor. Perrin and Klein state that ‘‘so far as 
perceptual learning is concerned the results, in the case of learning to 
read, are decidedly against the part method” but “to what degree 
this finding applies to other forms of perceptual learning must be 
determined separately for each form.’ One of these ‘other forms’ is 
exemplified by the visual diagrams used in the present experiment. 

The second object represents a continuation of previous work of 
the writer: His earlier experiments, together with other literature 
jn the field,? suggest that the whole method may be expected to be 
more advantageous with easy rather than with difficult, and with 
related rather than with unrelated material. In the present experi- 
ment these propositions will be again tested in this new type of 
learning situation. 

METHOD AND PROCEDURE 


Subjecis. The Ss were 305 undergraduate men and women. In every one of 
the five experimenta performed three groups ot Ss—each group a class in Psy- 
chology—were employed. Since the groups were the same in Experiments I, 
IIl, and V, the total number of different groups was nine. No attempt was made 
to equate the groups. 


* CNW for publication, en 21, 1931. 
A. C. Perrin and D. B. ee Psychology, x 1946, 280. 

pL S Crafts, Whole and th non-serial reactions, this 

ovens 41, 1929, 543-563; Whole a Bid: oa sagt with unrelated reactions, 

42, 1930, 591- 591-601. 

ae A echstein, Massed os. distributed effort in learning, J. Educ. Psychol., 

12, 1921, 92-97; W. SONO Should children learn in wholes or in 

Foru ae 5; 1927, 182-197; W. H. t ould poema be learnt 

S eolo kebide as ‘wholes’ or in ‘partes’? Brit. J . Psychol., I5, 1924, 64-79. 
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The data to follow will inelude the records only of Ss who completed an experi- 
ment, 1.6. who worked with a given type of material with all of the three learning 
methods used. The number of such Ss waa as follows: 


Experiment Group I Group 2 Group 3 Total 
I 27 33 34 94 
II 41 34 39 II4 
III 36 30 34 100 
IV 29 35 27 9I 
V 32 26 28 86 


Materials: (1) Circles. The diagram shown in Fig. 1 was drawn in black 
India ink upon a sheet of very heavy white cardboard 21854 X 297$ in. The 64 
&mall squares measured 2.5 in. each. The circles, always 16 in number, were 
134 in. in diam.; they were cut from black cardboard, and were fastened by black- 
headed clips in the centers of 16 of the squares. They were arranged as irregularly 
as possible within the limits of the requirement that there should be 4 circles in 
each quarter of the field. Three of these arrangements, one of which is reproduced 
in Fig. 1, were used. The location of every one of the 16 circles was different in 
every arrangement. 

(2) Lines. The diagram, shown in Fig. 2, was laid out upon heavy cardboard 
as before. The 49 points, 3 in. apart in 7 rows of 7 each, were the heads of brass 
clips painted black and 5/16 in. in diam. The lines, always 16 in number, were 
made by connecting pairs of points adjacent vertically, horizontally or diagonally 
with strips of black paper 14 in. in width, which were inserted under and held 
down by the heads of the clips. These lines were arranged as irregularly as 
possible within the limite of the requirement that there should be 4 lines—one 
vertical, one horizontal, and one in each of the two possible diagonal directions— 
in every quarter of the field. Three such arrangements, one of which is repro- 
duced in Fig. 2, were used. The location of every one of the 16 lines was different 
in every arrangement. The enclosure of two of the pointe with black circles was 
intended to facilitate the learning. 

($) Figures. The same outline of points as that used for the lines was em- 
ployed, and the points and connecting lines were constructed in the same manner. 
Every figure was composed of 16 lines, arranged so as to form as irregular a design 
as possible. One quarter, t.e. 4 lines, of a figure was allotted to every quarter of 
the field. Three of these irregular figures, one of which is reproduced in Fig. 3, 
were used. They differed greatly in general shape, and the location of every one 
of the 16 constituent lines was different in every figure. 

Instructions. The Se received instruction sheets, of which the following for 
the lines is a sample. Those for the other materials were similar. 


This is an experiment in learning. You will have displayed to you a diagram 
composed of a large number of black points symmetrically arranged on a white 
background. Certain pairs of eiii S an are connected by black lines— 
vertically, horizontally, ar diagonall our task is to learn the exact location 
on the of each of these fies You will have only 120 sec. When the 
end of that period is announced, turn to the sheet, which you now have, contain- 
ing an exact replica of the above diagram and reproduce ERE in its exact 
location, every one of the black lines. 
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Presentation. The cardboards carrying the diagrams to be learned. were 
fastened to an easel which was placed on a table in front of the class. The diagram 
was concealed between exposures by a large sheet of gray cardboard. When ex- 
posed it was presented (1) as a whole, (2) by parta, or (3) by combinations of 
parte. In the pure part method in which a quarter of the diagram was exposed 
at a time, presentation was always clockwise, t.e. upper left quarter (part 1), 
upper right (part 2), lower right (part 3), lower left (part 4). In the combination 
solidi used only with the lines and the figures, each ‘part’ consisted of half 

the diagram. These halves were presented similarly in a clockwise direction, $.e. 
upper half (quarters 1 and 2), right half (quarters 2 and 3), lower half (quarters 
3 and 4), and left half (quarters 4 and 1). In the progressive part method, used 
only with the circles, the nature and sequence of the parts and their combinations 





Fra. 1 : 
Figs. 1-3. SHOWING Tas Kinps or MATERIAL UsxpD 


are given in the footnote to Table I. This table also shows that in all the part 
methods—except the progressive part—every quarter or half was presented an 
equal number of seconds, and that the diagram was exposed as a whole for & REESE 
period at the conclusion. 

The duration of preeentation, in every experiment except Experiment IV, waa 
such that the average reproduced scare would be from 60-70% correct. 

The Sa were told at every trial what method of presentation would be dead: 

The diagram was exposed as a whole by removing the sheet of gray cardboard 
that served as the screen; ib was exposed by parte—by quarters or halves—by 
using screens of gray cardboard fram which sections had been cut of the desired 
gize.* 

Rotation of learning methods. In every one of the five experiments the follow- 
ing rotation of the learning methods was employed: 


Trial Group I Group 2 Group 3 
I Whole Pure Part Comb. Part 
2 Pure Part Comb. Part Whole 
3 Comb. Part Whole | Pure Part 


‘In Experiment I (circles) E placed these screens one at a time over the 
diagram, nc E ee 

plan. In the other four experiments (Experiments I-V) a screen was used 
rotated upon a screw and nut device fixed in the center of be dee And s 
contrived that it could be instantly removed when the diagram as a whole 
was to be exposed. 
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Hence with every kind of material every learning method was employed once in 
every one of the three possible temporal positions, and once with every one of the 
three different arrangements of circles and lines or the three different figures used. 

Distribution of trials. The distribution of trials for all experimenta except 
Experiment ITT was as follows: A preliminary trial with complete explanation and 
illustration. An interval of 5 days. The 3 experimental trials, one with each 
learning method, at intervals of one week. The distribution for Experiment III 
was identical with the above except that the 3 experimental trials were given at 
intervals of 2 days instead of one week. 


TABLE I 
SuowiNa THE ExprosuRE Trams usep In Every One or THE EXPERIMENTS 
Time in gec. 
Experiment Material Method per part for whole total 
whole 94 94 
I Circles — pure part 22 6 94 
prog. part UR 6 94 
II whole I20  . I20 
and Lines pure part 28 8 120 
comb. part 28 8 120 
whole 94 94 
IV Lines pure part 22 6 94. 
| comb. part 22 6 94. 
whole 35 — 35 
V Figures pure part 8 3 35 
comb. part 8 3 35 


*In this method, the progressive part, the exposure times and sequence of 
the parte were as follows: part 1, 12 sec.; part 2, 12 8ec.; parts 1 and 2 combined, 
Io Bec.; part 3, 12 sec.; parta 1, 2, and 3 combined, 24 8eo.; part 4, 12 sec.; whole, 

gec. ; 


Reproduction. Graphical reproduction immediately followed the presentation. 
S8 were allowed as much time as they wished except that after 3 min. had elapsed 
they were urged to complete their work quickly. | 

Scoring. Every circle that was in the correct square, and every unrelated line 
or line that was part of a figure which connected the correct two points, was 
scored 1. The scoring was always of these constituent elements separately con- 
sidered, and no part credite of any kind (as for accuracy in general form or pattern 
alone) were given. 


RESULTS 


Tables II and III show the whole method to have been reliably 
superior to either part method for learning the circles and the figures, 
but not so for the unrelated lines with either long or short interval of 
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exposure. Neither part method was reliably superior to the other 
with any kind of material. Table IV shows that with the circles and 
the figures a majority of the individual Ss made their highest scores 


TABLE II 
SnowriNa ror ALL EXPERIMENTS THER ÁVERAGE NUMBER OF ELEMENTS CORRECTLY 
REgrRoDvcCEp AND TaD S.D. or TROSE AvERAGRS 


i Method 
Experiment Whole Pure Part Comb. Part- 
Av. S.D. AV. 8.D. Av. S.D. 
I Circles 12.1 3.15 10.2 3.36 10.6 3.01 
II Lines IO.I 3.42 10.2 3.66 9.2 3.52 
II Lines, short 
interval 11.6 3.14 If.7 3.62 10.6 3.44 
IV Linee, short : 
exposure 7.1 3.05 6.1 2.40 6.6 3.40 
V Figures 12.I 3.79 10.2 4.12 9.8 4.20 


TABLE III 
SHOWING TEB DIFFERENCES BTWEEN THE AVERAGES GIVEN IN 
Tasi H AND rug S.D. or Tuoss DIFFERENCES 


Experiment : Comparison" Diff. 8.D. pir. 
I Circles Whole-Pure Part 1.9 0.474 
Whole-Comb. Part 1:5 > 0.445 
Pure Part-Comb. Part —0.4' 0.468 
II Lines Whole-Pure Part —0.I 0.469 
Whole-Comb. Part 0.9 0.460 
Pure Part-Comb. Part I.0 0.476 
III Lines, short . . Whole-Pure Part - —0.I 0.479 
interval Whole-Comb. Part 1.0 0.466 

Pure Part-Comb. Part Y.l |l 0.499 ' 
` IV Lines, short Whole-Pure Part I.0 0.479 
exposure Whole-Comb. Part 0.5 0.576 
Pure Pert-Comb. Part —0.5 0.438 
V Figures Whole-Pure Part I.9 0.601 
Whole-Comb. Part 2.3 0.609 
Pure Part-Comb. Part 0.4 0.629 


*In every, comparison the score of the second method named has been sub- 
tracted from that of the first. Hence a minus sign before a difference shows that 
the score for the second method was the greater. 


‘This absence of any reliable difference between the three learning methods 
with the lines was the reason for perf three experiments with this par- 
ticular material It was thought possible t through variation in time of 

exposure or in ou ey of interval some condition might be discovered under which 
one of ono dt tlie meth kreas sacs reliably superior to the others. But, as the 
data show, although decreasing the exposure time seems to have increased some- 
what the effectiveness of the whole method, the attempt was unsuccessful. 
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with the whole method, whereas with the lines no method was superior 
or inferior for more than 50% of them. 

Table V shows the influence of practice effect to have been defi- 
nitely less with the circles and the figures than with the unrelated lines. 
It was therefore with the material where learning method seems to 
have been of least significance that the effect of practice alone, of 
positive transfer from one trial or diagram to another, most clearly 
revealed itself. 

TABLE IV 


SHOWING FOR ALL EXPERIMSNTS THs PEROENTAGE or Ss ron Wuom Every 
LEARNING METHOD was Scrmrior OR INFERIOR 


Method 
Experiment Whole Pure Part Comb. Part 
Su- In- Su- In- Su- In- 
. perior  ferior perior  fenor perior  ferior 
I Circles 53.8 | 21.0 23.6 46.2 22.6 32.8 
II Lines 41.2 25.0 37.3 30.3 21.5 44.7 
III Lines, short 
interval 42.9 24.5 42.4 26.5 14.7 49.0 
IV Lanes, short 
exposure 37.7 21.9 26.7 37.1 35.6 41.0 
V Figures 56.1 I5.0 18.3 42.5 25.6 42.5 


TABLE V 


SHOWING THE INFLUENCE OF PRACTICE Eyraor BY GIVING THE AVERAGE Scongs 
FOR ALL Groups ON Tux THREE EXPERIMENTAL TRIALS, LeARNING 
Merrsops Burma DiskEGARDED 


Experiment Trial x Trial 2 Trial 3 
I Cireles 10.8 10.7 II.4 
It Lines 8.7 IO.I 10.7 

II Lines, short interval 10.1 11.5 Ir.6 

IV Lines, short exposure 5.5 6.7 $3 

V Figures 10.7 II.O 10.4 
Discussion 


(1) The whole method. As the data in Tables II, III, and IV 
show, the whole method was more effective with the circles and the 
figures than it was with the unrelated lines. .Explanation of these 
differences in its value requires, we believe, consideration of the two 
factors of difficulty and relationships. 

As to difficulty, an index thereof may be obtained by dividing the 
average reproduction score by the total exposure time, which will give 
the average score obtained per second of learning time. The results 
of such division are: Figures, 0.35; Circles, 0.13; Lines, 0.08; Lines 
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(short interval), o.o9; Lines (short exposure), 0.08. The figures show 
that the whole method was more advantageous with the easier 
materials and much less effective with the more difficult. Since the 
learning in the present experiment was unspaced, such results are in 
principle harmonious with Pechstein’s view that with a ‘hard’ 
problem the whole method with massed practice is apt to be at a 
particular disadvantage.’ 

The nature of these differences in difficulty was in part quantita- 
tive, even though the number of elements to be reproduced was with 
all materials the same, namely 16. For, as reference to the figures 
given earlier will show, while correct reproduction of & circle required 
the S to recall the location of only one square, reproduction of an 
unrelated line required him to recall the location of two separate 
points. With the figures it is of course evident that & given line could 
be recalled as an isolated line, or as a line joining another already 
reproduced, or as one connecting two lines previously localized, with 
corresponding differences in this purely quantitative aspect of 

But it would, we think, be generally agreed that. these differences 
in the difficulty of our materials are not reducible to simple quantita- 
tive factors alone, but that they are due also to the more qualitative 
factor of relationships. It seems certain that the lines were hardest, 
not merely because their reproduction required localization of more 
elements, but also because they were the most difficult to relate, to 
organize into coherent patterns. Similarly the figures were easiest for 
one reason because such organization of elements into patterns was 
given in the material itself. In consequence we consider that our 
data distinctly favor the conclusion that, as is commonly supposed, 
the whole method may be expected to be more advantageous with 
the more related as well as with the easier material. - | 

As to why the whole method was not decidedly more efficient with 
the figures than with the circles, we have no conclusive answer. It 
may be that, for reasons already given, the circles were quantita- 
tively easier. It may also be that—as the unsolicited comments of 
certain Ss suggest—they were unusually easy to organize and relate, 
and this in spite of our attempt to arrange them on the diagram in as 
irregular and unrelated a manner as possible. With reference to this 
second possibility it is worth pointing out that with material which is 
easy to organize, the relationships which S establishes for himself 

*Pechstein, op. cit., 45. 


WHOLE AND PART METHODS 533 


might produce patterns which would facilitate learning just as much 
as would patterns given objectively in the material itself. In the 
former case S creates his own forms, relates elements in ways most 
natural for him; but in the latter case he must for the most part 
accept the material as it is given to him and adjust himself to forms 
devised by the experimenter, regardless of the ease or difficulty which 
they chance to possess for himself. 

(2) The part methods. As to why the two part methods used 
should have failed to yield reliably different results, we have no 
entirely adequate explanation. Theoretically one might suppose that 
since part methods of either the progressive or the combination type 
are intermediate in form between the whole and the pure part method, 
they should yield scores which would likewise be intermediate. In 
the one case, with the circles, in which we used a true progressive 
method it did occupy such a position (see Table IT). But the com- 
bination method was thus intermediate in score only with the lines, 
short exposure. With the figures, and in both experiments with the 
lines, long exposure, it gave the lowest scores of all. Such results can 
scarcely be said to agree with those of Pechstein for mazes’ and non- 
sense syllables,® of Reed for poetry and prose,’ of Gopalaswami for 
mirror-drawing,!? or of Crafts for card sorting" and for substitution 
tests with massed praetice.|? For in all these cases a progressive 
type of part method was found to be superior to the whole method, 
to the pure part method, or to both." This divergence between our 
present results and those of previous experiments may be due to 
peculiarities of our visual-spatial material, which was very different 
from that used in any earlier study. It may also be due to the nature 
of the combination method which we used with all materials except 
the circles, and which was a kind of part method somewhat different 
from any hitherto employed. In this method, it will be recalled, the 
parts were halves composed of quarters successively recombined with 

™Pechstein, Whole vs. part methods in motor learning: a comparative study, 
Psychol. Monog., 23, 1917, (no. 99), 68, 76. 

SPechstein, Whole versus part methods in learning nonsensical syllables, 
J. Educ. Psychol., 9, 1918, 381-387. 


?*H. B. Reed, Part and whole methods of learning, ibid., 15, 1924, 107-115. 
1M. Gopalaswami, Economy in motor learning, Brit. J. Psychol., 15, 1925, 


226-236. 

ti Crafts, Whole and part methods with non-serial reactions, loc. ctt. 

2Crafts, Whole and part methods with unrelated reactions, loc. cit. 

BIt might be noted, however, that J. W. Barton (Smaller vs. larger units in 
learning the maze, J. Exper. Psychol., 4, 1921, 418-430) found a progressive 
inferior to a pure part method for learning mazes. 
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each other. It may also be, as certain Ss remarked, that this pre- . 
sentation of a quarter of the diagram in two different combinations, _ 
e.g. of the third quarter first with the second and then with the 
fourth, was ‘confusing’ in that it tended to force the elements of a 
given quarter into two different, and often interfering, sets of re- 
lationships. If such an effect was produced, the failure of the com- — 
bination method to yield higher scores might of course be thereby 
Peine . 
SUMMARY | 

The aims of the present experiment were (1) to determine the 
relative efficiency of whole and part methods for learning certain 
samples of visual spatial material, a kind not used in any previous 
. investigations of the whole-part problem, and (2) to secure further 
data as to the influence upon their efficiency of differences in the 
difficulty of the materials learned &nd in the degree of unity and co- 
herence which they possess. "Three types of visual material—ir- 
regular arrangements of circles and of unrelated lines and irregular 
geometric figures-—were employed. Every type was presented to 
three groups of Ss by three methods, the whole, the pure part, and a 
combination or a progressive part. The total exposure times were 
brief, ranging from 35 to 120 sec.; partial learning only was secured 
with most of the Ss; reproduction was immediate; scoring was of 
constituent elements only. The data show the wliols method to 
have been reliably superior with the circles and the figures only; 
with the much more difficult unrelated lines, even with variations in 
the length of exposure and of interval, no method was reliably superior 
to any other. These results in general agree with theoretical expecta- 
tion and with the resulta of experiments with other materials. They 
suggest (a) that in the field of visual ‘perception’ as well as in that of 
motor or of verbal learning, neither the whole nor any one form of a 
part method will invariably be superior; arid (b) that the whole 
method can be expected to be especially ica NUBE easier and 
with more closely related materials. 


THE RELATION BETWEEN MUSCULAR TENSION AND 
QUALITY OF PERFORMANCE 


By EumanETH Durrv, Sarah Lawrence College 


The relation between quality of performance and tension of the 
skeletal muscles has been the subject of a number of recent investiga-. 
tions. A review of these studies will not be attempted here; it will 
suffice to point out that the reports have included both the statement 
that increases in tension of the muscles resulted in increased efficiency 
of performance,! and the statement that the poorest performers in & 
given task were the Ss with greatest tension.? These statements are 
not necessarily incompatible, but they suggest the need for further 
analysis of the problem. Such an analysis is attempted in the present 
paper, which is based upon a series of experiments reported in part 
in an earlier publication.’ 


EXPERIMENTAL PROCEDURE 


The Sa, it will be recalled, were 18 children varying in age from 2 yr., 11 mo. 
to 3 yr., 1o mo. (median, 3 yr., 3 mo.).4 Graphic records were obtained of the 
pressure upon dynamographs held in each hand during & tapping performance 
and during discriminative reactions to 3 kinds of pictures (an automobile, a 
horse, and & street car), to only one of which the Ss were to respond by closing 
a reaction-key. Forty pictures were presented in random order at precisely 
4-sec. intervals. This experiment was repeated 5 times with every S, within a 
period of 4 months. l 

Discriminative reactions were scored ‘correct’ when the reaction-key was 
closed at any time during the 4-sec. interval after the appearance of the picture 


*Accepted for publication apa 2, 1932. 

The study was made possib iion: a fellowship from the Committee on 
Child Development of the National Research Council, and through the generous 
aid of Professor R. 8. Woodworth, and of the Child Development Institute of 
Teachers Coll Columbia University. 

1A. G. Bills, influence of muscular tension on the efficiency of mental 
work, this JOURNAL, 38, 1927, 227-251. 

Buford Johnson, Changes in muscular tension in coórdinated hand move- 
ments, J. Exper. Psychol., 11, 1928, 329-341. 

*Elizabeth Duffy, The measurement of muscular tension as & technique for 
the study of emotional tendencies, this JOURNAL, 44, 1932, 146-162. 

“Tension scores for the discriminative reactions are based on the records of 
16 Ss, since two of the Ss (P and Q) failed to comply with the instructions. 
Performance scores are based on the records of 15 Ss because a third S (R), who 
disliked the sound of the buzzer, frequently pressed the reaction-key too lightly 
to close it and thus left an inaccurate graphic record of his performance. Tension 
scores for the tapping test are based on the records of r7 Se, since one S (Z) 
could not be obtained for this of the experiment. Performance scores are 
n os records of 16 Ss, use of an error in tabulating the score of a 
Becon . 
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of an automobile or was not closed after the appearance of the victure of a horse 
or a street car. They were scored ‘false’ when the reaction-key was closed after 
_the appearance of a hotse or a street car, and ‘omitted’ when it was not closed 
after the appearance of an automobile. 

Type of tension tracing (with respect to smoothness) was cstermined from a 
classification of the tension tracings from the used hand during the tapping 
test, since it was here that individual differences appeared in most exaggerated 
form. An individual who had had no part in the experiment and was not familiar 
with the results was asked to group the tracings into three categories on the 
basis of degree of smoothness or regularity and irrespective of the height of the 
tracing (or degree of tension). ‘The first category comprised tracings which 
were very irregular, the second, those which were moderately irregular, and the 
third, those which were very smooth. Division into categories was somewhat 
arbitrary, since the tracings are not sharply divisible into types. A second classi- 
fication made by the same individual three months later resulted in two changes 
in the grouping. À tracing previously classed as Type 1 was called Type 2, and 
one formerly called Type 2 was classed as Type 3. Because af the uncertainty 
of opinion about these two tracings they were both put under Type 2, the most, 
indeterminate category. The tracings, with their classification, may be seen in 
the accompanying plate. 

| RESULTS 

(1) Degree of muscular tension and quality of performance. The 
relation between quality of performance and average degree of 
muscular tension (as measured by pressure upon the dynamographs) 
is moderately close—high tension tends to accompany poor perform- 
ance. The coefficient of correlation between tension and performance 
score is, for the discriminative reactions, —0.47, and, for the tapping, 
—o.48 (Table I). These coefficients of correlation were secured by 
the method of rank-differences. Since there were a number of shared 
ranks for the discriminative reactions, the relation between this per- 
formance and muscular tension was obtained also in terms of the 
Pearson r. The coefficient secured by this method was —o.54. 


The correlation between chronological age (C.A.) and percentage 
of correct discriminative reactions (r = 0.48) suggests that age may 
have exercised a determining influence upon the quality of this per- 
formance. Age appears, however, to be unrelated tc the number of 
taps (r = o.10). Further analysis shows that age carnot account for 
the relation between tension and percentage of correct discriminative 
reactions, since C.A. and tension show no correspondence (r = — o.10). 

The mental age (M.A.) and the intelligence quotient (L.Q.), as 
obtained from the Kuhlmann-Binet test, yield rather negligible coeffi- 
cienis of correlation with quality of performance and with average 
tension (Table I). Summarizing the data, we may say that in this 
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Fie. 1. Tension TRACINGS FROM TEHE Usep Hanp DURING rug TAPPING 
PHRFORMANCR 


The first half of the tracing representa the right hand; the second half, the left 
i hand. letters on the left refer to the Sa. 
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experiment degree of muscular tension is moderately closely related . 
to quality of performance in both discriminative reactions and tapping 
(high tension scores tending to accompany poor poroi mance); and 
that it is negligibly related to C.A., M.A., and I.Q. 


TABLE I 
ConrrictwTS OF CORRELATION BETWEEN TENSION AND PERFORMANCE 


: (Values in theses obtained by the product-moment method, 
the others by the method of rank-differences) 


Percentage Number Av. tension | Type of 
of correct of in both hands |error (dis- 
iscriminative taps (discriminative | crimina- 
reactions reactions) 
reactions) 
Av. net a , 
in bo r —.47 (—.54) |—.4 .14 
hands P.E. i t p 14 ds 
tensi a 
on 
tracing if ( °.60) 23 — .31 .59 .43 
(tapping) | P.E. ( .12) C18 18 Cn 8) 
r .48( .51 .I0 (.05)) —.10(— .12 
C.A. P.E.| .14 2 .18 ro .18( p 
r II .26 —.I3 
M.A. P.E. .18 .I6 dy 
r — .12 .35 —.23 
LQ. P.E.| .18 .16 17 


(2) Type of tension tracing and quality of performance. The per- 
centage of correct discriminative reactions is related not only to the 
degree of muscular tension but also to the type of tension tracing with 
respect to smoothness or regularity. Very irregular tracings are as- 
sociated with poor performance, while smooth tension tracings tend 
to be associated with good performance. The coefficient of correla- 
tion between quality of performance. and type of tension tracing is 
0.60, which suggests that fluctuations in tension are at least as closely 
related as degree of tension to quality of performance in such a task 
as the making of discriminative reactions. The close relationship 
between these two factors (1.e. fluctuations in tension and percentage 
of correct discriminative reactions) is the more remarkable in view of 
the fact that tension fluctuations were judged from the tapping 
records and not from the records of discriminative responses. 

Regularity of tension tracing and number of taps do not appear 
to be related, since the coefficient of correlation between the two 
factors is only 0.23. 
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The significance of irregularities in the tension tracing is still 
somewhat open to question, but it appears probable that this aspect 
of the tracing is indicative of degree of coórdination, which, in turn, 
is dependent upon the ability to inhibit reactions. If this assumption 
is tenable, the fact that smoothness of tracing appears to be rather 
closely related to percentage of correct discriminative reactions and 
very negligibly related to number of taps may be readily explained 
by the relatively greater demands of the former task upon the ability 
to inhibit'and effectively codrdinate responses. Codrdinative ability 
undoubtedly increases as the child advances in age, and we find, as 
we should expect, a correlation of o.43 between C.A. and smoothness 
of tension tracing. But this coefficient of correlation makes it possible 
to interpret our data in either of two ways. It suggests, on the one 
hand, that percentage of correct discriminative reactions is correlated 
with C.A. and with smoothness of tension tracing because, as the 
child grows older, he increases in ability to inhibit and codrdinate his 
responses, and growth in this ability is the source of improvement in 
discriminative reactions as measured under the conditions of this 
experiment. But it suggests, on the other hand, that the correlation 
between smoothness of tension tracing and percentage of correct 
discriminative reactions may be the accidental result of the correla- 
tion of each of these factors with C.A. The latter conclusion seems 
less tenable than the former, both on general theoretical grounds and 
because the relationship between smoothness of tracing and per- 
centage of correct reactions is somewhat closer than that between 
C.A. and either of these factors. But conclusions must be drawn with 
caution, since rather wide differences in coefficients of correlation are 
not necessarily significant when the number of cases is small. 

(8) Tension tracings and discriminative reactions of individual 
subjects.. The relation between quality of performance and degree 
and fluctuations of tension can be usefully investigated through an 
analysis of the records of individual Ss. A study of the best per- 
formers and the poorest performers may yield information upon the 
factors conducive or detrimental to success. Our analysis will be 
confined to the discriminative reactions, since we have five records of 
this performance and only one record of tapping. The data referred 
to in this section will be found in Table II. 

The percentages in the discriminative reactions are based, for all 
except 3 Ss, on 5 records of 40 responses, or 200 responses in all. In 
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the cases of A, H, and G special circumstances made it advisable to 
base the results on 4 records. The percentages i in the tae are given to 
the nearest whole value. 


TABLE H E 


TENBION AND PERrORMANOE -Scorns, Tyrp or Tension TRACING, AND AGE 
Ay. tension ee 
(in mm.) Type of 

S ap- Discrim. “ing %) No. tension 

ping reactions Omitted taps} . tracing (in mo.) 
A 22.7 18.3 99 I I 430 2 37 
B 31.2 22.5 98 I I 253 2 '" 46` 
C 25.7 15.2 98 2 I 291 3 45 
D 17.0 17.7 97 2 2 295 3 35 
Y 29.9 20.7 96 2 3 335 a 41 
F 18.4 20.I 96 I 3 262 3 39 
G 28.3 18.7 96 3 2 t 2 4I 
H 15.0 17.7 95 I 4. 320 . 3 43 
I 33.2 20.6 94 2 A 293 2: 40 ' 
J 33.5 - 17.8 91 6 4 . .318 I 39 
K 26.4 16.4 91 7 2 292 2 39 
L 37.0 24.7 89 8 4 269 1 .40 
M 52.0 22.1 89 5 6 250 I 37 
N 27.0 21.I 87 IO 3 303 2 35 
Zi — 24.0 ` 82 16 2 — — 35 
Pt 38.5 23.4* — = — 261 I 37 ` 
Qt 48.6 23.1” — = — 217 I 35 
Rt 19.9 21.7 — = — 259 3 40 


"These scores are not strictly comparable with the others in the column. 
They are the scores of the 2 Ss (mentioned in footnote 4) who failed to comply 
with the instructions for the discriminative reactions. 

Gee. footnote 4 for an explanation of the omissions in the data of these Ss. 

ot comparable with norms for tapping becouse of the heavy stylus used 
in 


experiment. 
$Omitted because of error in tabulation. 


Best performers. The best performer in the discriminative reactions (and 
second best performer in tapping) is A, who has 99% of correct discriminative 
responses. His rank in tension is tenth, and his tension tracing is of Type 2, 
that is, moderately irregular. He holds rank 11.5 in age, there being only four 
Ss who are as young or younger than he. B and C, who have 98% of carrect 
responses, are our next best performers. B ranks third in tension, has a mod- 
erately irregular tension tracing, and is our oldest S. C has the lowest tension 
score and has an exceptionally smooth tension tracing. He ranks second in age. 
Our fourth best performer, D, has twelfth rank in tension and shares with two 
other Ss the lowest rank in age. His tracing is exceptionally smooth. 

Of these four good performers, one has & high tension score, one a very low 
tension score, and the other two have tension scores which are distinctly below 
the median but are not the lowest scores recorded. It is significant that no one 
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of these Ss has- a tension tracing of Type 1—that is, exceptionally irregular. 
Two have moderately irregular and two very smooth tracings. Good perform- 
ance tends to be accompanied by tension scores below the median and by tension 
tracings which are relatively smooth. A and D, who excelled in spite of being 
among the youngest Sa, have low, but not the lowest, tension scores and tension 
tracings of Types 2 and 3 respectively. 

Before considering the records of the poorest performers, it js of interest to 
examine the records of the two Ss (P. and Q) who failed to comply with the 
instructions for the discriminative reactions. Q seemed unable to comprehend 
the requirements of the situation (his M.A. was the lowest in the group), and P 
failed apparently because of emotional stress. P was an exceptionally excitable 
child, frequently involved in “scenes” at home. In the nursery school great 
difficulty was experienced in persuading her to go for her physical examination 
or for her mental test.. The nursery school records state that P’s ‘chief difficulty 
is her inability to adapt herself easily to new situations and people. She seems 
terrified and cries very hard." The tension scores of P and Q are among the 
highest recorded, in spite of the fact that P seldom closed the reaction-key—a 
circumstance which would tend to lower her tension scores. Their tension 
tracings are of Type 1, very irregular. Inability to meet the requirementa of the 
situation was associated with high and exceptionally irregular tension. 

Poorest performers. Among the 15 Ss for whom scores for the discriminative 
reactions could be obtained, Z was the poorest performer, with 82% of correct 
responses. His rank in tension is second.’ Since he did not take part in the 
tapping test, his type of tension tracing is not recorded. Inspection of his other 
records indicates, however, that his tracings are undoubtedly of Type 1—that 
is, markedly irregular. He is one of the three youngest Sa. 

N is second in inaccuracy of performance, having 87% of correct responses. 
He holds fifth rank in tension and has a moderately S tension tracing. 
He is one of the three youngest Ss. | 


Land N, each with 89% of correct responses, rank next among the poorest 
performers. L has the first rank in tension and has a tension tracing which is 
very irregular (Type 1). She holds rank 7 in age. M holds the fourth rank in 
tension and has an exceptionally irregular tension tracing (Type 1). His rank 
in age is 11.5. 

These poor performers have, in every instance, high tension scores and, in 
three instances out of four, exceptionally irregular tension tracings (Type 1). 
It will be recalled that the two Ss who failed to comply with the instructions for 
the performance had also high tension scores and exceptionally irregular tension 
tracings. Apparently, with these Ss and for this type of performance, high and 
irregular tension tracings are either distinctly unfavorable for efficiency of per- 
formance or are the result of awareness of difficulty or failure. Only one S 
with a tension rank in the upper third gave a performance which ranked above 
the lowest third, and of our four poorest performers no one has a rank in tension 
lower than rank 5. Not a single S with a tension tracing of Type 1 (exception- 
ally irregular) gave a performance as good as the median, and all but one of 
our poorest performers have tension tracings of this type. 


5See footnote 4. 
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Summarizing these data, we conclude that poor performance was 
accompanied by high tension scores and very irregular tension trac- 
ings. Good performance was accompanied by tension scores of various 
magnitudes from low to high, but moderate or low scores occurred 
most frequently. The tension tracings of good performers were - 
~ never of the very uneven type. 


(4) Type of tension tracing and type of error. The smoothness of 
the tension tracing of an S is related not only to his percentage of 
errors in discriminative reactions but also to his predominant type of 
error in this performance. 

It will be recalled that errors were divided into two categories: 
(1) false responses (closing the reaction-key when no response was 
demanded), and (2) omitted responses (failing to close the reaction- 
key when a response was necessary). 

Disregarding the total percentage of errors and considering 
- merely the relation between percentage of false responses and per- 
centage of omitted responses, we can divide our Ss into three cate- 
gories: (&) those whose errors are predominantly false responses; 
(b) those whose errors are approximately equally divided between ' 
false and omitted responses, t.e. a difference of less than 2% of all 
responses; and (c) those whose errors are predominantly omitted 
responses. Relating these data to smoothness of tension tracing, we 
. obtain as the coefficient of correlation o.59 (Table I). There is a 
tendency for errors which are predominantly false responses to be 
associated with unevenness of tension tracing. Conversely, errors 
which are predominantly omitted responses tend to be associated with 
a smoother tension tracing. No S with a tension tracing of Type 1 
had, among his errors, predominantly omitted responses, and no S 
with a tension tracing of Type 3 had, among his errors, predominantly 
false responses. Since false responses represent an excess of reaction, 
a deficiency of inhibition, we have here support for our assumption 
that degree of smoothness of the tension tracing is indicative of the 
S’s tendencies with respect to inhibition, a factor which undoubtedly 
plays a major rôle in that complex process which we refer to as 
eoórdination. 

SUMMARY 

The quality of performance of our Ss in discriminative reactions 
and in tapping was shown to correlate moderately closely with the de- 
gree of muscular tension as measured by pressure upon the dynamo- 
graphs. Poor performance was almost invariably accompanied by 
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high tension, while good performance was accompanied by tension 
Scores of various magnitudes from low to high, but moderate or low 
scores occurred most frequently. . 

The quality of performance in discriminative reactions, but not in 
tapping, correlated rather closely with the smoothness of the tension 
tracing from the used hand during the tapping performance. Smooth- 
ness of the tracing correlated also with C.À. and with type of error in 
the discriminative reactions, Ss whose tension tracings were most 
irregular tending to be among the younger Ss and to make errors 
which were predominantly false as opposed to omitted responses. It 
seems probable that excessive fluctuations in tension represent poor 
inhibition; that lack of inhibition is a severe handicap in certain 
types of performance; and that degree of inhibition increases with age. 


DISCUSSION AND CONCLUSIONS 


The results obtained in this experiment, as given here and in the 
earlier report,* suggest the following hypotheses in regard to muscular 
tension and ite relation to performance. 

Increases in tension of the skeletal muscles appear to represent 
increases in excitation. They may result from any type of stimulation, 
but are found in most extreme degree under the influence of what are 
commonly termed exciting ‘emotional’ stimuli. They seem to be 
particularly characteristic of states of ‘effort,’ and their association 
with the excited (or sthenic) emotions is probably due to the fact 
that such emotional states are notably ‘striving’ or ‘effortful.’ 

If the foregoing hypotheses are correct, we should expect to find 
increased tension of the skeletal muscles when the individual is con- 
fronted with any problem of adjustment, provided only that he at- 
tempts to meet the problem and does not ‘give up.’ The more strongly 
motivated the individual or the more difficult the situation which 
confronts him, the greater would be his muscular tension, or his 
effort to adjust. For muscular tension is conceived to be a state of 
alertness or preparedness, which makes it possible to act with 
greater speed and force. 

Granting, then, that the behavior of the muscularly tense indi- 
vidual will give evidence of greater energy output, will have a 
more ‘dynamic’ quality, we need to inquire as to the effects of these 
characteristics upon the quality of performance of a given task. 
Other factors being equal, we should expect a greater output of work 


‘Duffy, op. cit., 148-162. 
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per unit of time. We should expect also to find evidences of the 
expenditure of greater energy or force in the performance of the task. 
Some of this energy would doubtlessly be overflow energy, adding in 
no obvious way to the efficieney of performance. It may be, however, 
that even such apparently useless reactions as restless movements, 
pounding, and speaking with great intensity, serve the function of 
facilitating other more useful reactions. At any rate, during states 
of great excitation (i.e. great muscular tension), we should expect a 
greater output of work and a greater expenditure of force per unit of 
time. A common observation of such a state is found in the expres- 
sion ‘working fast and furiously.” 
But more important than the quantity of the work produced under 
such circumstances is the question of the quality of performance to 
be expected under these conditions. Is the quantity output at the 
expense of quality, or does the excess energy available result in im- 
provement in quality as well? The answer to this question may well 
vary with different performances, with different individuals, and 
even with the same individual under different circurnstances. In all 
except the simplest of performances (as, for example, a tapping per- 
formance of the type used in this experiment) quality of work must 
depend not alone upon the degree of excitation, but also, and more 
fundamentally, upon the quality of eoórdination, or the proper di- 
recting of the available energy. It seems probable, though not 
clearly demonstrated, that codrdination of response becomes more 
difficult under high degrees of excitation, because under these condi- 
tions impulsion is probably greater, and itis a commonly acknowledged 
. fact that coordination necessarily involves inhibition. It is not sur- 
prising, therefore, that many individuals, under the influence of 
excitative stimuli, make uncoórdinated and ineffective responses. 
But this is not the inevitable result of great excitation, for there are 
other individuals who have developed, in varying degree, the ability 
to eoórdinate effectively and thus produce good work under these 
circumstances. Indeed, it seems probable that individuals who can 
successfully meet the hazard to codrdination which is imposed by 
great excitation will find the quality of their work greatly improved 
by the dynamic and facilitating effects of such states. It is not, 
perhaps, an unusual circumstance for such individuals to produce 
under great excitation work of a quality superior to anything they 
could produce under ordinary circumstances. This may afford an 
explanation of such an experience as writing under stress a paper 
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which, when read later, seems to have been written by some one else 
because the acuteness of analysis and the facility of expression seem 
foreign to the writer. l 

Though some individuals may find high tension conducive to 
good performance, all must necessarily find states of tension very 
wearing. Asa consequence, prolonged periods of work at high tension 
would be well-nigh impossible, and individuals who habitually work 
under great tension should probably arrange for shorter work periods 
and more frequent periods of rest. . Under these circumstances their 
total output of work might nevertheless remain equal to that of an 
individual working under low tension over longer periods of time. 


In our experimental results high degrees of muscular tension were 
usually found associated with a performance of poor quality. It may 
well be that these results represent the typieal situation, individuals 
who ean perform excellently under very high tension being the 
exception. It is possible, however, that high tension is a greater 
liability for young children than for adults, since the latter are likely 
to have developed more highly their ability to inhibit and to coórdi- 
nate reactions. In fact, even with our group of Ss, where the age 
range was small, there was a tendency for increase in age to be ac- 
companied by increase in smoothness of the tension tracing, a 
phenomenon which we considered indicative of increased inhibition 
and, perhaps, increased coórdination. 


It is not to be assumed that high tension is equally advantageous 
or disadvantageous for every type of activity. Muscular activities 
may be handicapped by high tension, since it diminishes ease of 
movement. Other activities requiring speed and alertness, but not 
emphasizing choice with its accompanying requirement of inhibition, 
may in general be favored by relatively high degrees of excitation. 
Sudden insights and the facile flow of words may, for example, be 
encouraged, while the careful weighing of evidence may be made more 
difficult. ' High degrees of excitation, and consequently of muscular 
tension, may increase the efficiency of performance of & definite task 
for which the individual is ‘set,’ but may decrease flexibility of re- 
action and thus make more diffieult the adjustment to new and un- 
expected situations. 

It appears probable, on the basis of the foregoing discussion, that 
a moderate degree of tension offers the greatest advantages, since 
very high tension probably tends to be disruptive and very low ten- 
sion probably involves lack of alertness or effort. The handicapping 
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effects of very high tension are clearly shown in our results. Those 
of low tension are more problematical and have not been demon- 
strated in this experiment. Certain other investigators have reported, 
however, instances of increased efficiency under increased tension. 
A. G. Bills,’ for example, has shown that a group of individuals per- 
formed certain tasks more efficiently under a voluntarily assumed 
and individually different ‘optimum’ tension. Whether voluntary 
and involuntary tensions of the muscles are comparable in their 
effects may be debatable, but it seems reasonable to suppose that 
tension could be too low as well as too high for efficient performance. 
Perhaps diurnal fluctuations in the eurve of work could be explained 
.on the basis of tension changes and their relation to efficiency. 
Tension may in general be too low immediately after waking and too 
high later in the day, and individual differences in tension variations 
may account for the observed differences in the work curve of differ- 
ent individuals. 

Subsequent investigations in this field should consider, among 
others, the following problems: (1) To what extent does the relation 
between muscular tension and quality of performance vary with 
(a) different tasks, (b) different individuals, and (c) adults and 
children? (2) Are voluntary and involuntary tensions comparable in 
their effects? (3) What is the reletion between various degrees of 
excitation, or of muscular tension, and the ability to inhibit and co- 
ordinate reactions? . Answers to these questions should give us im- 
portant information about optimum work conditions for different 
tasks and for different individuals. 


TBille, op. cit., 229-250. 


PRACTICE AND THE WORK DECREMENT 
By Epwarp 8. Ronson and FnongNcE R. ROBINSON 


In a recent paper Glaze shows that where a highly monotonous task is per- 
formed every day or on alternate days for & considerable period, the decrement 
within the day's work grows progressively less marked.1 Practice thus seems to 
develop a resistance to those losses in efficiency which characterize continuous 
work. The task studied by Glaze consisted in the writing of ababab, etc., asrapidly 
as possible for a period of 20 min. One S did this work every day for 36 days, 
another every day for 32 days, and a third on alternate days for 23 days. The 
average work decrement in terms of speed of writing is much more pronounced 
during the first 5 days than it is later. This is true for all of his Se. 

While common observation would indieate that it is possible to build up 
through practice a resistance to work decrement, the experimental study of this 
process is interesting and important. In the first place it is desirable to test the 
conclusion of casual experience. In the second place, there is a certain sense in 
which this increasing resistance to decrement runs counter to logical expectation. 
Practice typically brings about an increased average speed of performance and 
one might expect, therefore, that the practiced performance, since it is carried on 
at higher speed, would be more, rather than less, likely to suffer decrement. It is 
possible that experiment may reconcile the generally accepted fact of decreasing 
decrement with this contrary but not unreasonable expectation. There is, in 
short, the possibility that experimental efforts to demonstrate the influence of 
practice on the decrement may give.clues as to the more precise mechanism of 
that influence. 

Certain of the experimental results that we shall present in this paper are 
similar to those of Glaze and to a considerable extent simply corroborate his find- 
ings. We have also considered changes in the amplitude of the writing of our Ss 
and the data thus secured introduce additional facte that need consideration in 
connection with this problem. 

Subjects. Fifteen men, all Yale undergraduates, served as Ss in our experi- 
ment. These men were recruited from the employment office and worked for pay. 
The records of only 10 of the men were utilized; the other 5 were dropped because 
of absence from one or more of the experimental sittings. 

Procedure. The Ss worked as a group. The sittings began at 8:30 a. m. on 
5 days a week and continued for 3 weeks, t.e. for 15 days. The task consisted of 
writing ababab, etc., as rapidly as possible for a 20-min. period. The writing was 
done in a amall, bound composition book. The page was turned at the end of 
each minute, the time for the turn being called out by the experimenter. Each S 
was provided at the beginning of a sitting with three sharpened pencils. 

*Accepted for publication March 6, 1931. From the Psychological Laboratory 


of Yale University. 
1J. A. Glaze, The effecta of practice on fatigue, this JOURNAL, 42, 1930, 
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The Ss were directed to work for speed. Nothing was said about the main- 
tenance of a given quality of handwriting except that the Ss were told to keep 
writing on the ruled lines of the composition book. After certain general ex- 
planations had been given, the special experimental ‘set’ was established by the 
following verbatim instructions which were spoken by the experimenter: 

You are to write the letters, ababab, as fast as you can until I tell you to stop. 
Keep your writing on the line. Use your natural handwriting and write the full 
length of the line at each end. When I say ‘Turn’, turn over the thus and 
keep going. If you make a mistake, don't stop to correct it, but keep going. 
Do your best allof the time. Is this clear? I will tell you when to Btop. Are 
there any questions? When I say ‘Gol’ open your notebook thus and start writing. 
Are you ready? Go! 


At the end of the sitting the Ss were asked not to practice the writing or dis- 
cuss the experiment between sittings. After the first day the instructions were 
simplified by deleting all of the above paragraph between the command: ‘Do 
your beat all the time" and “Are you ready?" 

Of the men whose records are included in our results, all seemed to be putting 
forth something like a maximum effort throughout the experiment. 


ADN TRE NEN dE. 
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Fig. 1. Worx Corvus ror Days I, 2, 6, AND 15, IN TenMs or Srzzgp or WRITING 
(Average ormances of ro Ss.) 


In Fig. 1 we present composite work curves for the group of 10 Ss. In the 
interesta of simplification we have given the ourves for Days 1, 2, 6, and 15 rather 
than for the entire series. The curve for Day 1 shows a possible alight early 
decrement. A more definite tendency, however, is a gradual and continuous rise 
in letters written per minute. This does not mean that the factors normally 
producing decrement were absent, but rather that even within the single experi- 
mental sitting the factors producing improvement were very strong. Evidence 
for such an interpretation is presented by the great increase in general speed from 
the first to the second day. : 

The curve for Day 2 shows the characteristic work decrement. The improv- 
ing influences of practice had by this time diminished as shown by the gmaller 
day to day improvement following Day 2. Such decrement as appeared had 
spent itself by the middle of the 20-min. period, however, &nd from that point 
on there is evidence of further practice improvement. 
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The curve for Day 6 again shows a decrement though it is less in magnitude 
and duration than that for Day 2. Improvement following the decrement is not 
definite. This is presumably due to the fact that a practice level for the general 
function was by this time near at hand. Support for this interpretation appears 
in the relatively small change in general level of efficiency from Day 6 to Day 15. 

During Day 15 there is a small early decrement and no statistically certain 
practice improvement. 

We may summarize our reading of these curves by saying that there was at 
the beginning of the experiment no certain work decrement, which fact was 
probably due to a masking effect exerted by factors making for practice improve- 
ment. As the experiment progressed and the factors making for practice improve- 
ment became less effective, & pronounced decrement appeared. This decrement 
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Av. No. LETTERS PER MIN. 


Days 
Fig. 2. PRACTICE Curves FOR THE IST, IOTH, AND 20TH MÓINUTES OF WORK IN 
Torms OF SPEED OF WRITING 
(Average performances of 10 Ss.) 


then diminished until at the end of the experiment it was considerably reduced. 
Whether a diminution in the causes of decrement was actually taking place even 
in the first days of the experiment can not be proved. It seems altogether likely 
that this was the case, however, and that the apparent increase in decrement was 
due more to the cessation of practice improvement (which always tends to mask 
decrement) than to any real increase in that decrement. 

In Fig. 2 we have presented in different form the essential facts brought out 
above: We have plotted practice curves for the 1st, 10th, and 20th minutes of 
work for the entire experimental series. The amount of decrement within the 
work curve for any day is shown by the distance between the curve for the 1st 
minute and those for the roth and 20th minutes. The small decrement for the 
ist day is shown by the fact that the curves for the roth minute and 20th minute 
are at that day about as high in level as that of the Ist minute. The diminish- 
ing decrement as the experiment progressed is shown by the converging of the 
three curves. This figure shows clearly that the tendencies brought out in our 
examination of the four sample work curves hold for the experiment as a whole. 

In an earlier investigation of continuous writing it was noted that the writing 
increases in size during a period of continuous work.? It was not found, however, 


1E. 8. Robinson and A. G. Bills, Two factors in the work decrement, J. Exper. 
Psychol., 9, 1926, 415-443. 
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that this increase influenced the magnitude of the deorement in speed. Work 
conditions showing relatively slight decrement manifested this change in size of 
writing as markedly as did those conditions in which the decrement was more 
pronounced. In spite of this fact we felt that changes in size of writing ought 
to be taken into account in connection with the present study. 

In Fig. 3 we have presented results on the size of writing at three points in the 
work curve, the rst minute, the roth minute, and the 20th minute. Each curve 
in the figure represents those changes in size brought about by practice. The 
tendency of the writing to increase in size within the single 20-min. period is 
shown by the distance between the curves at any given day. 
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Fra. 3. CHANGES IN Sizz or WRITING THROUGHOUT PRACTICE 
(Curves represent average performances of ro Ss for 1st, roth, and 20th minutes). 


As shown by all three of the curves, the sise of the writing increases markedly 
with practice. The question is thus raised as to whether the decrease in speed 
decrement which also accompanies practice is a function of this other change, 
i.e. the increased size of the writing. If the intra-period change in size increased 
from day to day we should have direct evidence that this were the case. The 
change in size of writing from the ist minute to the 2oth minute, however, re- 
mains approximately the same throughout the experimental series and the change 
from the ist to the roth minute seems actually to diminish. It would appear, 
therefore, that such resistance to the speed decrement as develops with practice 
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is not due simply to an adaptation whereby the S comes to meet felt, losses in 
speed by promptly increasing the amplitude of his movements. 

We can hardly conclude that the larger size of the writing at the beginning of 
work on the later days has nothing to do with the increased resistance to decre- 
ment in speed. It is possible that with large early writing it is necessary to in- 
crease the size only moderately to protect against decrement. That is to say, an 
absolute increase which is insufficient to protect against decrement when the early 
writing is relatively small, may be sufficient when the early writing is large, as it 
was in the later days of the experimental series. It seems to us that this possibility 
is, however, only a remote one. In the investigation cited above it was definitely 
discovered that decrement in speed may be independent of changes in size of 
writing) Since in the present experiment there is certainly no direct relation 
between intra-period changes in size of writing and the decrement, it seems 
likely that such changes in size as occur with practice do not constitute the prin- 
cipal cause of that reduction in decrement which also accompanies practice. 


SUMMARY 
We have confirmed Glaze's finding that the decrement in speed which occurs 
in the continuous writing of abab, etc., for 20 min. is diminished by practice. We 
have considered another product of practice—the tendency to write larger and 
larger lettersa—but we have not found any direct evidence that this altered size 
of writing is an explanation of the diminished decrement. 


*Op. cit., J. Exper. Psychol., 9, 1926, 422. 


HUNGER AS A FACTOR IN LEARNING 
: By W. A. BOUBFIELD AND M. Sing, Harvard University 


It is conventional to speak of the reflex as if it were a simple, point-to-point 
correlation between the stimulus and the response. At the same time it is practi- 
cally taken for granted that most behavior which the behaviorist might want to call 
réfiex, or at least to express in terms of stimulus and response, is dependent upon 
the general state of the organism, such as drive, fatigue, emotional factors, eto. 
In eating, for example, the hungrier the animal the less easily it is distracted from 
its eating; in general terms, the stronger the drive, the lees easy is distraction. 
However, since the relation of stimulus and response forms the setting of most 
experimental work and theoretical behavioral discussion, it seems well to indicate 
the importance of what is more or less obvious to common sense by presenting 
definite quantitative data upon the eating reaction. These results also suggest a 
method by which drive can be measured. 

The experiment consisted of the determination of progressive changes in the 
times of cessation of eating, after a loud noise, and when the animals had been 
a ene o1 100d Lon ieee daterviug (c GI. The Ss were 6 chickens and 
6 rabbits. 

"The following technique was employed with the chickens. At 7:30 4. M. a 
supply of food, considerably in excess of what the chickens would eat at one feed- 
ing, was placed in the coop. Chicken No. 1 was removed and carried in a box to 
a point about a quarter of a mile distant, where it was placed in a cage also con- 
taining a liberal supply of food. At 8:30 a. x. the five remaining chickens in the 
coop were caged so that food could no longer be touched. The X then returned 
to Chicken No. 1 and waited, when necessary, for it to return to food. When it 
was evident that the eating was definitely under way, he fired a blank cartridge 
over the chicken’s head, simultaneously with starting a stop-watch. All of E’s 
movements, as well as the sight of the pistol, were hidden by means of suitable 
screens. When eating was once more evident after the firing of the shot, the stop- 
watch was stopped, thus measuring the cessation time of eating in seconds. 
Chicken No. 1 was then allowed to remain in the cage for an additional interval 
of about 15 min. It was then removed, and after all remains of food had been 
cleaned up, Chicken No. 2 was placed in the cage. Following s fast of 14 hours, 
food was presented to Chicken No. 2. The shot was fired as soon as the eating 
was definitely in progress, and the time of cessation was obtained with the stop- 
watch as in the case of Chicken No. 1. This procedure was repeated for the re- 
maining four chickens, with periods of fast lasting 3, 43, 6 and 74 hours respec- 
tively. Since food was continuously present in the case of Chicken No. 1, the 
period of fast has been arbitrarily designated as o. 

The parallel experiment with the rabbits differed easentially only in one 
respect, The chickens were used on alternate days, and the rabbits on guecee- 
“sive days. 

* Accepted for publication March 16, 1931: 
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The results are shown in Figs. 1 and 2. In each figure the times of fasting in- 
crease from No. 1 to No. 6—for the six chickens in Fig. 1 and the six rabbita in 
Fig. 2. 


Nol Neg 
500 50 
250 e5 
9 /Q /5 5 10 15 
250 Nod - Nod 
125 50 
5 /0 /5 /O /5 
/25 50 
O /0 15 9 [0 /5 


Fic. i. RESULTS FOR THE ÜRHICKENS 
(Abscissae: Trials. Ordinates: Time, in sec., of cessation.) 


It is evident that the times of cessation tend to decrease in successive trials, 
that the decrease is greater or more rapid or both as the period of fasting increases, 
and that cessation of eating at the pistol shot may fail to occur (as in the case of 
Rabbits Nos. 4, 5, 6, Fig. 2). 

The figures suggest that the rabbits learned more rapidly than the chickens. 
However, it must be remembered that the rabbits learned on successive days so 
that there was less chance for forgetting. Moreover, it may have been easier for 
a rabbit to resume chewing upon food already in its mouth than for a chicken to 
initiate the entire pecking response. 

Conclusion. The data of this experiment give an univocal quantitative indica- 
tion of the influence of the condition of the organism as a factor in what may be 
designated as a type of learning. Specifically we may conclude: (1) that the 
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greater the degree of hunger, the sooner will a loud noise become relatively in-. 
effective in inhibiting the responses to food; and (2) that the time of ceasation of 


observable eating responses is a function of the number of trials in the. oases of 
. the longer fasts. 


a /0 - ; 
Fn. 2. Hopes FOR THE RABBITS 
(Abscissae: Trials. Ordinates: Time, in seo., of cessation.) — 
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THE CONTROL OF EYELID MOVEMENTS IN VISUAL 
EXPERIMENTS 


By SmNxzy M. Newsa Yale University 


Blinking and winking, particularly during the course of visual adaptation or 
fatigue experiments, have not received the technological consideration that they 
merit. This view was reached while reading the literature on visual adaptation 
and while trying to control the lid in adaptation experiments. In some reports 
of elaborate studies giving evidence of great precision in other respects, the 
matter of lid movement is either not mentioned at all or else, dismissed in cursory 
manner, Even in studies which are not primarily adaptational, but in which 
the visual stimulus is of some duration, lid movement might prove disturbing. 
The considerable literature of these movements contains techniques for recording 
the blink or wink, results on the effectiveness of various stimuli and situations 
in eliciting the blink, correlations between movements of the eyeballs and the 
lids, data on the temporal relations of lid movements, and surprisingly little 
concerning devices for restraining the movements. Consideration of such 
accumulated data in the light of the present problem may lead to improved con- 
trol, and incidentally uncover results of more general interest. Some relatively 
simple control devices and certain other details which may be familiar to the 
expert are included for the possible benefit of others less oriented in this 
complex field. 

First of all something should be said concerning the relation of the lids to 
the pupil. The entire pupil is unobstructed in the case of the normally open 
eye. The amount by which the lids clear the pupil depends partly upon its 
diameter, and that of course varies with the degree of light, and is affected by 
accommodation and emotion. Ordinarily, the lower lid is not particularly close 
to the pupil, and seems never to intercept normally entering light. The upper 
lid usually clears by a much narrower margin, and in a comparatively small 
number of heavy-lidded cases actually does partly cover the pupil. In the usual 
wink or blink the upward component. of the lower lid movement is relatively 
slight, and probably never reaches the lower edge of the effective pupil. There- 
fore our especial concern in control is with the upper lid. 

Synchronous with both reflex and voluntary lid action, however, there occur 
regularly movements of the eyeball which inevitably upset the line of sight. 


"The term ‘blink’ is used to designate the reflexive lid closures while ‘wink’ 
is used for the movements made voluntarily or with intent. 

*The relevant literature includes the citations by W. R. Miles, Elevation of 
the eye-balls on winking, J. Exper. Psychol., 14, 1931, 311-332, and by J. Peter- 
son and L. W. Allison, Controls of the eye-wink mechanism, tbid., 14, 1931, 
144-154. 

Opportunities for coóperative research in the Institute of Human Relations 
were utilized in the preparation of this paper. 
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Miles recorded very rapid elevation of the eye simultaneously with the descent 
of the upper lid, followed by a slower reverse movement, as the lid was lifted. 
According to his measurements taken during the usual periodic reflex in reading 
ar looking at a picture, the upward excursion of the cornea consumes about 50 c 
and the downward about 110; while the total vertical displacement is in the 
order of 10 to 15° of visual angle. If such eye movement occurs only in conjunc- 
tion with lid movement innervation, correction of the latter would eliminate 
fixation lapses due to the former. For the present, attention may be concentrated 
solely upon the problem of lid control. 

The object in lid control in adaptation experiments is to minimize undesired 
interference with the incidence and effective duration of the experimental stim- 
ulus. A wink or blink in progress produces changes of the illumination situation 
in the region of the corneal surface. As angles change, light reflected from the 
lids varies, and there will be possible some change in the composition or quantity 
of flux entering the pupil. But it is the sudden reduction of the main experi- 
mental stimulus, with the resultant recovery fram stimulation, which constitutes 
the most serious consequences of lid or ball movement. The duration of this 
cut-off may be important. 

Actually the time relations of the lid movement are variable, both among 
individuals, and in the given individual. Consequently it is difficult to secure 
values which can be regarded as generally representative. The duration of the 
complete blink, however, i.e. from the commencement of closure to the end of 
opening, seems usually to be over 150 ¢. In case of the common periodic closures 
during reading, Miles suggested 250 o as representative of the time from the 
beginning of the movement until fixation is again established, although at 150 v 
the cornes is back to within 2° or 3° of its original position. During the blink 
there is first the decreasing phase while the lid gradually covers the pupil, fol- 
lowed by the somewhat slower increasing phase while the lid rises at the end of 
the blink. These phases are somewhat protracted by the reverse ball movements 
already mentioned; in partial blinks the phases may be incomplete. Since the 
upper lid clears the pupil but slightly when the eye is normally open, during a 
full blink the pupil must be more or less obstructed for nearly the complete dura- 
tion of over 150 v, and for a certain part of the time the pupil is wholly covered, 
and the external light stimulus is largely cut out. Miles estimated this latter 
time to be in the neighborhood of 100 c. 

` The wink is more variable than the blink because it is more affected by fatigue 
of the local mechanism and depends so much upon the Aufgabe of the S. Indeed, 
an individual may close his eyes at pleasure and hold them closed indefinitely; 
if it were legitimate to consider such actions winks, then winks would be indefi- 
nitely variable. The duration of a complete wink, according to Garten’s average 
values, varies from 308 g to 420 c. He gives times for the lowering of the upper 
lid ranging from 75 ø to 91 o, and times for the raising from 142 ¢ to 177 o. Times 
of total coverage of the pupil are from 133 v to 201 c. The time for partial 
coverage is probably not much less than the total time of the wink, for the same 
reason as in the case of the blink. 
_ This cut-out of stimulation by lid movement eat not be a serious difficulty 
if the lid would leave the pupil clear for 4 duration sufficient to meet the require- 
ments of adaptation experiments; the trouble is that the usual rates of blinking 
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are so high that a sufficient stimulation period cannot possibly be interpolated 
between two blinks. Table I indicates what short durations are likely to occur 
between normal, unrestrained, automatic blinks under ‘ordinary’ conditions.* 
Blinks were counted at all hours of the day and under a great variety of condi- 
tions, with the hope of getting something representative. The left column in 
the table gives the number of blinks per min. The succeeding columns to the 
right show frequencies of occurrence of these different rates in the various Ss 
observed. A, for instance, blinked from ro to 14 times per min. upon 28 of the 
occasions when his blinks were counted, 15 to 19 times on 52 occasions, and so 
on. It is clear that ordinary blinking will interfere with stimulation at frequent 
intervals. 
TABLE I 


FREQUENCIES OP Branxs Per Min. UNDER UNCONTROLLED CONDITIONS 
Blinks per Subjects 
min. A B C D E F G 
$-9 2 
10—I14 28 3 II 
I5-19 52 I 2 IO 7 
20-24 36 8 3 12 7 2 
25-29 15 19 8 7 6 8 
30-34 II 49 8 5 3 6 
35-39 3 36 2 6 7 
40-44 2 12 4 2 I 6 
45749 9 8 à 9 
50-54 12 2 I 
95-59 II 
60-64 7 I 
. 65-69 l 
70-74 6 


If the assumption is made that during the average blink the lids more or less 
cover the pupillary aperture for 150 c, and if the S is blinking at the rate of say 
20 blinks per min., then the stimulus is more or lees reduced for as much as 5% 
of the total time. Along with tbis there is the doubt, discussed by Miles, concern- 
ing the adequacy of vision for 100 g or so immediately following the lid move- 
ment. 'lherefore it seems not impossible that the lid movement may interfere 
for as much as 10% of the total time. Figures of this order in themselves point 
to the desirability of special control. 
uu Though it is the retinal recovery due to lid or ball movements that concerns 
,us especially here, we must note that those movements provide also for what 
Miles aptly terms the ‘servicing’ of the corneal surface, with the consequence 


4All tabulated data are taken from unpublished studies by F. A. Almquist 
and the writer. 

‘A measure sometimes used is the ‘inter-blink period,’ and this is supposed 

to give the time elapsing between blinks. Unfortunately the measure is equiv- 

since what it actually gives is the duration from a given phase of one blink 

to the corresponding quac of the succeeding blink; one or both blinks being 

actually in progress during the so-called inter-blink period. The measure is 

secondary in the sense that it is calculated on the basis of blinks per unit time. 
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of maintaining or restoring its condition of relatively uniform transparency in 
the region before the pupil. Both this corneal and the retinal recovery have a 
bearing upon che discrimination and acuity of vision which suggests a possible 
source of error needing to be investigated, viz., that when the eye is held open 
for a protracted period, what appears to be a consequence of retinal adaptation 
or fatigue may be in part a matter of mounting irregularities in the transmission 
of the optical system due to drying or particles collecting on the corneal surface 
before the pupil. Any such effect might be factored out by suitable experimenta. 

Of course, zhe control of lid movements is really justified only if they consti- 
tute a sufficiently large source of error. This they do if they create an error which 
is large relative to the other errors of experiment or to the differences investigated. 
What constituces a significant error must depend upon the procedure and problem 
at hand. Blinking during dark adaptation, for instance, would not be as serious 
as during light adaptation. Blinking in the early stages of color adaptation, 
where the rata of adaptation is typically rapid, would probably have a more 
retarding effect than in the later stages. Blinks during a short period of adapta- 
tion might be more upsetting than in a long period. A satisfactory answer to 
the question of what is a significant error cannot be made in general terms, but 
a certain justification of the present paper may be offered and a warning sounded 
by presenting some data showing the magnitudes of effecta: ascribable to lid 
movements in some actual experimentation. 

S fixated monosularly the center of s disk-shaped 3° field which was divided 
by its vertical diameter, the one half being of low purity and appearing pinkish, 
while the other half was neutral, though of equal brightness. S’s task was three- 
fold: (1) to look at the center as steadily as possible; (2) to wink uniformly at 
rates presented by a metronome, but not to blink between times; (3) and to 
report any dicappearances of the color apart from those synchronous with the 
wink itself. H estimated the Tadina out: of the Color by: companion mith: the 
adjacent neutral half of the field. 

Different rates of winking were preacribed in order to discover whether or 
not there would result noticeable corresponding differences in degree of adapta- 
tion reported. One measure employed of the effect upon adaptation of the 
winking was the number of seconds elapsing before the color faded out. Table 
II summarizes results based upon experimentation with the left eye and the right 
eye during exposure periods of 5 and 10 min. for both. It shows that when S 
was winking et the rapid rate of once per sec., total de-saturation was not once 


TABLE II 
WINKS rmn Min. Vs. ADAPTATION TINE 
‘Winks per min............ 60 15 7.5 
Av. adaptation time (in sec.) — 129 84 


achieved; thai when, in another series, the rate was reduced to 15 per min., the 
time of disappearance became finite and averaged 129 sec.; and that when the 
rate was dropped to 7.5 the time was only 84 sec. Unpublished data suggest 
that without eny blinking or winking, under comparable conditions, the adapta- 
tion time woud fall to around 40 or 50 sec. According to the measure here em- 
ployed, winking seems to have had a pronounced effect upon the course of 
adaptation. 
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À second measure of the effect of winking upon the adaptation process was 
the number of disappearances of the color during the time of exposure. The 
color would rarely disappear for very long, and during the exposure period of 
5 or IO min. it might reappear and disappear a number of times. Table IT 
simply referred to the initial disappearance. Table IIT shows the average num- 
bers of disappearances when winking at the three respective rates. There were 
no fade-outs (t.e. disappearances) during the fast rate of winking, an average of 
6 during the medium rate, and 15 during the slow rate. In other words, the 
more frequently the stimulus was cut off by winking, the fewer times the color 
experience reached zero. On the basis of this measure too, the rather small 
differences in winking would produce observable effects upon adaptation. Effects 
of reflex blinking would probably be of the same sort, though less in degree. 


TABLE III 
Wings PER Min. vs. FREQuENOY or Fapr-Ovurs 
Winks per min........... . 60 15. 7.5 
Av. no. fade-outa ........ oO 6 I5 


Again and again in the course of color adaptation experiments, various Ss 
including the writer have observed and reported an obvious increase in saturation 
- or brilliance following a wink or a blink. In some instances the color had already 
completely adapted out, and the wink seemed to provide the rest which again 
lowered the absolute color threshold; in other cases adaptation had been but 
partial, and the wink was followed merely by greater saturation or brilliance. 
Such introspective data seem to be unmistakable evidence for a degree of resti- 
tution ascribable directly to the interruption of stimulation by a single kd move- 
meni. Winking and blinking would seem to constitute & source of error suffi- 
ciently large to merit special efforts at control. 

Procedural controls. Lid movements can be controlled to some extent without 
any special instrumental appliances. One simple expedient is to wink several 
times, or merely to sit with the eyes closed, for several seconds preceding the 
experiment, and to open them only just in time to begin. The voluntary closure 
is supposed to relieve the strain, make blinking less urgent, and so help prevent 
irregular lid movements. Sometimes it is feasible for S to determine himself 
the moment when the adaptation period shall begin, and thus derive maximum 
benefit from his preéxperimental rest. 

A rather common practice is to have S wink at prescribed times during the 
adaptation period and try to refrain from blinking at other times. Prescribed 
moments for winking may be regularly spaced throughout the period and be made 
known to S by auditory or tactual signal. A variation is to present to S every 
z seconds two signals y seconds apart, and instruct him to make lid movements 
only within the y periods. This use of prescribed periods has the advantage 
of giving S time to make several winks together, which is often what he feels 
like doing. In any procedure where the winks fall within the adaptation period 
they should be made as uniform as possible so that the assumption can be made 
that they are having about the same duration. 

Voluntary winking at scheduled times seems a fair control where the inves- 
tigator will be satisfied with the relative values resulting; but if ‘absolute’ values 
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are needed, this method is not directly applicable. About the best that can be 
done with it is to have S wink at different frequencies in different series, and 
from the group of adaptation rates resulting, attempt to extrapolate values for 
an absolute curve. 

Whenever S's winking is regulated by a fixed time schedule, care is necessary 
to so regulate the spacing that he will be able to refrain from blinking for the 
duration of the non-wink periods. One might suspect that the individual's 
normal or usual rate, e.g. Table I, could be used in predicting this ability to refrain 
from blinking; kut actually it does not appear to be true that the slower the blink 
rate the greatec the ability to inhibit blinking. Indeed, there is some small 
evidence for a élight inverse relation between these two variables. 

The direct thing to do in adjusting the length of the non-wink periods is.to 
test the individwal's ability to refrain from blinking under the given experimental 
conditions. Table IV exhibits average values for the non-blink span of 3 Sa 
taken at different hours of the day. The wide variations among individuals, 
and particularly the variation in the individual case, suggest the wisdom of 


TABLE IV 
Maran Non-Biink Span IN Sec. 
(Taken hourly) 
A. M. P. M. 

Subject IO II I2 . 1 2 3 4 5 6 7 8 9g 10 
A 18 8 9g IT 9 I3 8 12 12 9 12 II 12 12 8 
B 34 26 22 16 22. 22 I2 I2 I3 20 I4 16 12 IO IO 
C 85 71 33 49 33 36 17 31 24 66 44 78 56 48 34 


allowing a wide safety margin in setting up a time schedule for spaced winking. 
Winking times “or A would clearly have to be much more closely spaced than for 
C. In the case of any S, ability to refrain from blinking is so variable that the 
arbitrary non-wink period must be made relatively short, $.e. as short as the 
shortest non-blnk span, if all trials are to be counted. Longer non-blink spans 
than in the table are to be expected under favorable laboratory conditions, but 
the variability would remain high. - 

Another bui related procedural control is merely to have S refrain from 
blinking for th» whole of the experimental adaptation-time. "This is probably 
the simplest an-d most satisfactory procedure of all when the duration and condi- 
tions are not such as to produce a disturbing degree of discomfort or a significant 
change in the cptical properties of the corneal surface. Judging from Table IV, 
one might be inclined to say at once that S probably could not inhibit blinking 
regularly for a sufficient period to meet the requirements of any adaptation 
experiment. Still, due to the great variability of the span, almost any S will 
now and then succeed in refraining for a long period; if only such periods were 
counted, requirements might be met. This would be a wasteful expedient, but 
perhaps otherwise quite satisfactory. 

The expedient of making the non-blink span of maximum length is a very prac- 
tical one from the standpoint of adaptational technique, because, up to a certain 
point, the longar the mean span the larger the proportion of trials in which 8 
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could keep his eye open for the required duration, and consequently the more 
efficient that phase of the procedure. Some of the controllable factors affecting 
the duration of the non-blink span are mentioned below. 

The instructions and S's reaction to them are of primary importance. Those 
Ss whose resulta are presented in Table IV, for instance, were asked to fixate 
steadily and to refrain from blinking “as long as possible.” The last phrase 
permits of different interpretations; properly perhaps it should be taken literally 
to mean until the lids can no longer be held open; actually, one S might make the 
culminating lid movement as soon as discomfort became noticeable, while another 
might wait until he experienced severe pain or longer. As any one knows whe 
has tried, the non-blink span is characterized by a mounting experience of strain 
or pain which in time reaches a more or leas unbearable degree. The strain sensa- 
tions may be wholly absent from the early part of the duration, but there is gener- 
ally a progressive increase in the latter part anyway, sometimes with very rapid 
acceleration towards the very end. Discomfort is often intermittent, increasing 
and decreasing until the final intensive phase which always culminates in the 
alleviating lid movements. According to the writer’s experience, some Ss make 
these movements sooner than necessary. While an inordinate degree of dis- 
comfort would naturally upset fixation and the experiment as & whole, a moderate 
amount probably does little harm. 

The fact that athletes by habituation and practice develop marked ability to 
keep their eyes open in the presence of disturbing stimuli suggests the possibility 
of prolonging the non-blink span in that manner. The situation in the case of the 
adapted SS is, however, quite different. Whereas the athlete becomes capable of 
continuous vision during a relatively brief, sudden, and intensive stimulus, as 
when the boxing opponent’s glove passes close to the eyes, the adapted S must 
typically refrain from blinking during much longer periods of comparatively 
steady and moderate stimulation. Such observations as we have made suggest 
that mere practice in restraint is of little avail except in so far as it leads to the 
development or discovery of very special expedients, i.e. aids of the sort men- 
tioned below. 

In monocular experiments, relief may sometimes be had by closing the un- 
stimulated eye. If there is enough difference in illumination this will change the : 
diameter of the stimulated pupil, and might therefore require the use of an arti- 
ficial pupil. Another expedient is to wink very slightly when the strain has 
mounted to an uncomfortable level. The objections to this expedient are that it 
must be highly practiced and repeatedly controlled to make sure the upper lid is 
not partially hiding the pupil during the wink. Then, too, the synchronous 
reverse ball movement might occur even though the wink were slight, and so 
upset fixation even though the pupil were not occluded. It is safer to have the S 
keep his eyes partly closed continuously, because then there is less chance of 
ball movement and it is so much easier for E to check upon the degree of closure. 
Holding the head tilted back somewhat during the adaptation period is nearly 
equivalent to partially closing the eyes; in both cases the exposed area of eyeball 
ig decreased. One other expedient in prolonging the non-blink span is to volun- 
tarily assume a visually relaxed attitude; for this, too, seems to retard the develop- 
ment of the strain sensations and sometimes reduces them when they are already 


present. 
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"Even if tie fea DIE span has been prolonged as much as feasible by the use of 
various expedients; it still may not be long enough. There remains, as before 
suggested, ¢ ‘the -dossibility of extrapolation. In different trials the adaptation 

_ timed may. be made of different lengths ranging from very short to the maximum 
ol which the S is capable. If a sufficiently close relation is found between the 
' measures of adaptation and the lengths of the adaptation periods, then values for 
still longer periods can be extrapolated. It is well known that extrapolated values 

-are not-nécessarily dependable because of the sudden changes sometimes found 
in extreme siturtions. i 

' A control which is simple, sona, and which appeared to give fairly 

satisfactory resulta in estimating rates of color adaptation, is’ described below. 

S' adapts withoat any winking or blinking until the strain mounts to the point 

- where he feels feirly certain that he is within a few seconds of his ‘breaking point.’ 

:-He then makes his comparison or match rapidly and thus brings the trial to an 


à 
t 


| .. end. On differant trials he will naturally be able to refrain from blinking for 


different durations, so that different adaptation times will eventuate, but time 
and amount*of adaptation may be plotted against each other. In this way, S'g 
very longest nom-blink spans will contribute to the data. If E finds that he is not 
getting enough shorter adaptation times for plotting purposes, he may instruct S 
' to make.some cf his comparisons before he approaches his breaking point. The 
E Beatter from the writer's data represents results secured with this 
control and the following procedure: 

-  'S,in a darkroom, faced the 3° vertically divided field aforementioned, and ob- 
served it in the Maxwellian view. This small field was surrounded by and con- 
centric with &^32? neutral field. By means of two optical trains and two rotating 
disks bearing sectors of Munsell red 4-11, it was possible to adjust the brightnesa 
of.the large field and both the brightness and purity of either half of the small 
central field.5 -Dn any trial, both large and small fields were first set at neutral _ 
witha uniform brightness of about 1.5 ml, and S was light-adapted. Then-a 
degree of puritr represented by 180° of red sector would be suddenly introduced 
by E into one Lalf of the central field, and a color adaptation period would com-_ i 
mence. As soon as S felt that his breaking point was imminent, he would turn a - 
handwheel, rapidly raising the saturation of the erstwhile neutral half until f: 
balanced the ozher half. The Y-axis in Fig. 1 shows the degrees of sector or 9  . 
quantity of color which had to be introduced into the neutral half to match in - bs 
saturation the -80° half to which S had been adapting. The baseline represents ^ — ' 
the time of color adaptation in seconds. These are results of several weeks of. : 
experimentation, for only a few trials were feasible upon any given day. Each. 
plotted circle represents a trial. A filled-in circle indicates expression of doubt by ^ 
S as to the accuracy of his match on that trial. In view of the difficulties inherent 
in the rapid metch process, and the fact that each individual trial is plotted, the i 
trend'of the daza seems fairly definite. z 


Instrumenia! conirols. There are a variety of controls which depend xmas 
upon some special device or apparatus. Some lie near the boundary between , 
~ what we have ealled the procedural and the instrumental, but may be included 


~ The i gue apparatus ol which the present is an elaboration, was con- 
structed and deseribed b Dodge and S. M. Newhall, Colored after images 
.! from xunperéeivad weak chrome stimulation, J. ARE Psychol, IO, I927, 2-6. 
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. here since, after all, the classification is quite che Ot ibus the most 


effective means of eliminating lid movements is by drug injection which paralyzes 
the lid muscles. The levator which raises the upper lid, and the orbicularis which 
closes the eye, both must be rendered inactive. Drug injection is not to be 


recommended generally, however much it may appeal medically. It necessarily 
‘incapacitates S for periods before and after the experiment, it is inconvenient, : 


. particularly when S must serve 'repeatedly, and it interferes too much with the 


.normal servicing of the cornea. 
Drawing back the upper lid and holding it in place with surgeon’s plaster is 


another simple means which is likely to suggest itself. But the repeated applica- .. 


- tion of the plaster is somewhat trying and time-consuming, it is not. effective unless 


drawn uncomfortably tight, and, unlike drug injection, spasmodic b E 


may still occur and shift the position of the eyeball. 


A more elaborate device for restraining lid movements, one s iid was de- 
signed particularly for that purpose, may be described in detail. This instrument - . 


might be called an ocular speculum or lid-holder, for it consiste essentially of a 


.8mall especially shaped bar for holding the upper lid clear of the pupil. This bar- 
—one for each eye—is attached to a reénforced, blackened spectacle frame, and = - 


may be adjusted within the three spatial dimensions and swung quickly in or out 
of position. Ordinarily, for monocular experimentation, only the bar of the con- 
cerned eye is used. Fig. 2 shows the lid-holder complete, with one bar in the 
position it would occupy in holding the lid, and the other bar swung out of. 
position. The large-scale line drawing in Fig. 3 gives the dimensional details of 
ihe bar for a right eyelid. It is made of brass and then given a coat of silver 
which is oxidized. This provides a surface which does:not reflect much stray 
light, which is suitable for contact “we the i are and which can be cleaned with 
alcohol before use. 


With reference to Fig. 2, the shaft of the bar, b, pasees through a hole in the ` 


member m, and is held rigid in the hole by set-screw, s. With s loosened, the bar 
may be adjusted both laterally and rotationally. There is a second hole in m, 
permitting vertical adjustment upon the post, p. Member m may be set at any 
position on the post by simply tightening the set-gcrew, s’. That is the means 
for making the vertical adjustment of the bar. The post p is integral with a 
lever of the first class, 1, by means of which S or E can swing the bar toward or 
- away from the S’s cornea. On the aide of the lever nearer S’s face, and bearing 
against the lever near the post, there is a third screw, s”. By means of this screw 
the closeness of approach of the bar to S's cornea, can be regulated. All three 
screws are provided with knurled heads, making a screw driver unnecessary, and 


"adjustment by S himself possible. 


Ordinarily S uses a mirror in adjusting the position of the bar. The instru- 


* ment is first put on and the spring braces, r, set to give maximum rigidity of the 


frame. Then, with S looking straight into the mirror, the vertical adjustment is 


,,, made by means of s’; next, by means of s, the lateral and rotational adjustments 


are -completed; finally, with s8”, the distance between the bar and the cornea is . 
‘regulated. The positioning of the bar is of course all-important; it must be close * 
.to both the cornea and the projection of the pupil, clearing each by a millimeter 
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mirror as he awings the bar toward the eye. But screw s” has first been turned 
toward the lever far enough to so limit its swing that the bar will not come very 
close to the cornea. Then, in a few successive trials, the screw is gradually turned 
back until at lenzth the bar will just sufficiently clear the cornea when the lever 
is slowly swung u» to contact with the screw. Once this stop-screw is properly set, 
the bar may be rapidly swung up to, or away from, the cornea in total darkness. 
To make the several adjustments quickly and satisfactorily is a matter of practice; 
if desired, all can be made without removing the spectacle frame. Good position- 
ing becomes rather evident from the feel of the contacts. Two or three tentative 
winks will usually show whether or not the bar is close enough to the cornea to 
prevent the lid working down between them. 

After the lic-holder has been adjusted, some objective test of pupillary 
clearance is desirable, under the experimental conditions and usually before and 
after the experiment itself. With the experimental intensity of illumination fall- 
ing upon the eye, it is often sufficient for S to observe his own pupil in a mirror 
set up in the experimental line of sight at the proper distance. In-some dark 
adaptation experiments it was found necessary to momentarily illuminate S’s 
eyeball in order that he might have sufficient light to observe the image in the 
mirror. Under such circumstances the bright light would temporarily narrow 
the pupil, and a greater clearance would have to be allowed between the lower 
side of the bar and the upper side of the pupil. Another case in which the bar 
must somewhat more than clear the natural pupil is when the stimulus subtends a 
large visual angie, for otherwise the bar might intercept the obliquely entering 
light. The appropriate use of an artificial pupil will sometimes render unnecessary 
the precaution of greater clearance. The bar itself may serve as mechanical 
support for an artificial pupil. 

Trials of the lid-holder under experimental conditions indicate that if it is 
carefully adjusted it may be worn for as long as 10 min. without great discomfort. 
It has the advartage of affording a control not only upon the movement of the 
upper lid but aiso upon its resting position. Another advantage is that pre- 
experimental fatzgue is minimized by the facility with which the bar can be swung 
into position at he commencement of the adaptation period. 

The chief diticulty with the holder is that it cannot eliminate spasmodic 
contractions of tae lid muscles. Even with the most careful adjustment these will 
occur at intervals throughout the period of restraint. H the synchronous ball 
displacements aready referred to occur along with these spasmodic contractions, 
fixation is upset and the value of the holder may be considerably reduced. The 
point was tested by setting up & neon glow lamp in a dark-room at 5 meters from 
the S. S estimased the amount of displacement of the lamp image under various 
conditions, partisularly when wearing the lid-holder or not wearing it. By refer- 
ence to a series ef vertical stripes placed 1° apart, S could make his estimates in 
angular terms. A few resulte from 5 Ss seem to indicate that the image displace- 
ments in the case of the restrained lid movements were of the same order of 
magnitude as in the case of the full voluntary wink, ¢.¢. somewhat less than 1°. 
This is a favorable indication because the displacements of the neon image must 
more nearly represent the full ball movement when the eye was constantly held 
open by the holder than when, in ordinary winking, the eye closed while still 
moving. If the image displacements were of the same order in both cases, the 
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actual ball movement when the lid-holder was worn was probably less than the 
movement during the ordinary unrestricted wink or blink. The holder, then, 
appears to reduce ball movement even though it cannot eliminate the muscle 
contractions. 

But in view of the large displacements of 10? to 15? recorded by Miles during 
unrestrained lid movements, it seemed imperative to secure more objective in- 
formation concerning displacement during movements restricted by the holder. 
Therefore several hundred frames of motion picture were taken during which S 
winked suddenly and rather vigorously a number of times. These winks were at 
least as intensive as those which occur spasmodically while the lid-holder is being 
used. The film was examined under magnification to find frames in which winks 
had occurred. Since the left lid only was restrained by the bar, more or less droop 
of the right lid could indicate the crucial frames. That frame showing the maxi- 
mum droop of the right lid caught by the 16 mm. camera, and the frames im- 
mediately preceding and following, were enlarged photographically, and sections 
showing the eyes are reproduced in Fig. 4. 

The important point is the position of the eyeball in the middle frame as com- 
pared with its position in the preceding and succeeding frames. Measurements 
from the edge of the iris to fixed reference points on the lid-holder and forehead 
show no vertical displacement whatever! There does appear to be a alight 
nasalward movement. But allowing for error in measurement, any actual ball 
displacement here could hardly have amounted to more than 1° or 2°. According 
to this test the lid-holder not only restrains the lid satisfactorily but also reduces 
ball movement to the point where even relatively small stimulus areas are feasible. 
The latter is particularly true if there is not much retraction or backward dis- 
placement of the ball. There is known to be some backward displacement during 
unrestricted lid movements, but one cannot tell from the motion picture its extent 
when the lid is held open. The upward turn of the lashes in the middle frame 
indicates added pressure of the lid on the holder during the restricted wink. This 
and the somewhat smaller area of eye-white visible do make it seam probable that 
the ball has been pushed backward slightly. 

The instrumental controls mentioned up to this point aim to actually restrain 
or render impossible the obstructing lid-movements; they are devices which more 
or leas successfully prolong the non-blink span. There are, on the other hand, a 
number of devices which serve as controls by indicating or recording the lid move- 
ments when they do occur, but without interfering with them any more than 
necessary. Sometimes these may be useful for indicating slips in procedure, e.g. 
failure of S to keep his eye open during a non-wink period. Sometimes EZ may 
want S to blink normally during the course of the experiment and at the same 
time desire, either as a check on its normality or to discover what normality may 
be, & record of the blinking. There are, too, investigators who feel that no re- 
straint or inhibition of the ordinary lid movements should be exercised during 
any visual experiments. They assert that the data are not typical unleas secured 
when the organism is functioning naturally. 

One of the simplest indicating controls is the signalling of E by S when the 
latter makes a lid movement. The signal may be executed orally, by the tap of 


"This extraordinarily clear motion picture was taken by Professor H. M. 
Halverson. 
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a pencil, or by pressure of a key. In a series of observations in which the S could 
not know that Hs blinks were being counted, Almquist and I employed the silent 
key elsewhere described." One E stationed beside S, and holding the key in his 


hand, depressec it at each observed blink. The other E in an adjoining room >- 


counted corresponding clicks of a single-stroke buzzer, the buzzer being con- 
nected in series with the key and a dry battery. Were the temporal spacing as 
well as the nuicber of blinks required, the key could be connected with a kymo- - 
graphic marker instead of the buzzer. 

In some of zhe observations just referred to, S was necessarily in R 
and therefore irvisible. Narrow strips of surgeon's &dhesive tape were cut from 
a roll and coated with luminous paint. One strip was stuck lightly on the upper 
lid at the roots of the lashes, and the other was attached above the cheekbone. 
The luminous szrips were visible in darkness, and change in the distance between 
them served to indicate lid movement. 

Peterson and Allison state that “a little training enables one to count one’s own 
blinks rather semi-automatically, using a stop-watch.” We also found this to be 
a usable procecure. As already suggested, one person may count the blinks of 
another, either with or without his knowledge. In doing that, however, there is 
a source of error which might tend toward underestimation of blinking. The fact 
that the counte- blinks as well as the S presents the probability that at some times 
they will blink simultaneously, or nearly so, and the S's blink will not be seen. 
If the assumption be made that E and S both blink irregularly at a mean rate of 
20 blinks per min., and that the blinks are about 200 e in duration, then theoreti- 
cally the proba»ility of any degree of overlapping in the blinks of E and S is only 
. about 0.0067. In other words, the two blinks could be expected to overlap more 
or lesa on an av2rage of once every 150 blinks or once every 7.5 min. of adaptation 
time. The chance of sufficient overlapping to prevent E from noticing S’s blink 
might be even Less, and in any event the resultant error would be negligible. This 
strengthens.an observation of the authors cited above that when several counters 
` are employed their resulta are in close agreement, and the accuracy of the method 
is demonstrate to be satisfactary. 

There are a number of leas simple techniques in which the lid makes its own 
graphic record. These appear lees generally useful for adaptational purposes than 
controls previcusly described; but some of them may be mentioned. Exner'sis 
among the earliest. He glued a thread to the lid and attached the other end to a 
delicate lever which wrote upon a revolving drum. Mayhew attached platinum 
foil to the lid in such a way that movement of it would break an electrical contact 
which would actuate a magnetic recording device. Cason used a combination of 
lever and eleccrical contact, while Peterson and Allison mounted a similar ar- 
rangement upon a specially devised spectacle frame. Garten photographed a 
spark displaced by lid movement. Miles photographed light reflected from 
minute mirrore, attached to the lids. Dodge took pictures of the excursion of an 
artificial lash cf writing paper, 1.5 X 20 mm., affixed to the lid. He and Miles 
used a touch of gum arabic for attachment. Scientifically, the photographie 
techniques are the most satisfactory. The others set up situations so artificial 
that there is some question whether or not S becomes sufficiently adapted to 
them for such representative results. 


"Newhall, A silencer for laboratory keys, this JOURNAL, 41, 1929, 646-7. 
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Stimuli to blinking. Various studies and common experience suggest that al- 
most any intensive or unexpected sensory stimulus may elicit a blink. Conse- 
quently it behooves E who is trying to arrange for a long non-blink span or for 
regularly spaced winking to eliminate such stimulation. Ponder and Kennedy 
and others believe that even in the absence of special external stimulation the 
ordinary blinking goes on through automatic impulsion from a center in the 
striate body, unless, of course, it is voluntarily inhibited. According to Peterson 
and Allison, this blinking occurs even in the case of glass eye or blindness, and the 
spasmodic contractions continue for a time even after the eyes are closed. An 
obvious thing to do, then, in attempting to prolong the non-blink span, is to con- 
trol the controllable stimuli and so allow S to concentrate voluntary restraint 
against these otherwise uncontrollable excitations. To this end something may 
be written concerning stimuli or situations about which something is known and 
which have likelihood of being encountered in visual experimentation. 

The effect of type of activity of S upon the blink rate has been investigated. 
Almquist made about 40 observations each on 4 men studenta without their 
knowledge. Whenever he happened to be near one of these individuals the 
investigator counted the man’s blinks and also noted the type of activity, viz. 
reading, talking, or simply sitting. The mean blink rates during sitting and 
talking were almost identical, but over 20% greater than during reading. Peter- 
son and Allison also found blinking to be more frequent during ‘not reading’ or 
‘unoccupied’ than during reading; indeed, of 5 activities studied by these writers, 
the highest blink rate occurred when S was ‘unoccupied.’ 

Another of their results which is of considerable interest from the standpoint 
of visual experimentation concerns the distance of fixation. Seventeen Ss gave 
a mean interblink period of 13.12 sec. with near fixation, as compared with 21.06 
sec. during distant fixation. The corresponding values in terms of blinks per 
min. are 4.57 and 2.85 respectively; and their difference is statistically signifi- 
cant. It seems unfortunate that Ss should have to blink so frequently during near 
fixation and when relatively unoccupied, because these are common conditions 
of the adaptation experiment. Possibly the adaptation procedure can some- 
times be arranged to provide for distant fixation and some preoccupation of the S. 

There is a paucity of data concerning the precise effects of simple sensory 
stimuli upon blink rate. Of all those that might affect blinking only one or two 
can be mentioned here. Light arid change in intensity of light seem important 
because so frequently present in adaptational procedure. A simple test was 
made of the effectiveness of light, using 4 Ss and the general procedure following. 
S was admitted to a darkroom and dark-adapted. Then for a period of 10 min. 
his blinks were counted in consecutive 15-sec. groups, using the darkroom tech- 
nique for counting already described. During the first 2.5 min. of the 10, S was 
still in darkness with his head in a rest; during the second 2.5 min. he was exposed 
to a 6° disk-field of a brightness of over 1000 ml. and during the final 5 min. S 
dark-adapted.? 

Fig. 5 exhibits average results based upon all the data; the ordinate gives 
frequeney of the blinks per min., while the abscissa shows the three conditions 
just mentioned. The jagged lines connect the 15-sec. points and show the course 


“8Dr. T. W. Cook supplied the stimulation for this experiment, and also 
helped in other ways. 
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of change in blink rate during the experiment. Particularly interesting is the 
fact that the blink rate is high both at the beginning of the light period and the 
succeeding dark period; just why it should also be rather high at the beginning 
of the first dark period is not clear. though possibly that reflects some habituation 
to the headrest. In the beginning of each period there is a rapid fall in blink rate 
to & lower more stable level which persists throughout the remainder of the 
period. This means increased blinking on & sudden and considerable change in 
the intensity level of illumination, with consequent rapid habituation. The 
horizontal bars in Fig. 5 represent the general mean blink rates as under the three 
respective conditions. Evidently under the intensive light stimulation the 
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blinking does not drop back to the average under the dark conditions, but main- 
tains a higher rate for the 2.5 min. of exposure. Furthermore, the level during 
the final dark period has not in 5 min. reached that of the first dark period, 

though we should expect it to do so eventually. In general, the results are about 
what one might expect, but the data are insufficient to be more than suggestive. 

They suggest the wisdom of special vigilance in guarding against errors due to 
blinking in the early stages of light adaptation, the stage when it is progressing 
most rapidly. 

Drynees cf the cornea has been referred to repeatedly as characteristic stim- 
ulation for the reflex lid movement; but probably no more emphasis should be 
laid upon its efficacy than upon that of heat or many other factors. Some light 
might be thrown upon the question of the effectiveness of the aqueous condition 
of the outer eurface of the cornea, it was thought, by studying the possibility of 
variation in the blink rate under various degrees of temperature and humidity. 
Exposure of the corneal surface to high humidity would naturally ensure greater 
moisture than on hot dry days. According to the old idea, if other things were 
equal there s20uld be less blinking on the moist days. 
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À record was kept of the blinks per min. of one S on 20 different days, run- 
ning over & period of weeks. Each day when the blinks were counted, the tem- 
perature of the surrounding atmosphere waa taken in degrees Fahrenheit and the 
, absolute humidity was measured in grains per cubic foot. The ranges of temper- 

atures and hymidities thus secured were not particularly wide; but the readings 
were taken in the laboratory and might be said to constitute working ranges in 
the sense of being values likely to be found during actual experimentation. The 
temperatures ranged from 60° to 77° and the humidities from 2.5 to 4.6 gr.” 
Table V gives the Pearson and partial correlation coefficients for blinks per 
min., (b), temperature (t), and humidity (k). Whereas blinking and temperature 
show an ordinary correlation of 0.64, blinking and humidity only correlate 
positively to the extent of 0.28. When the third variable is held ‘statistically 
constant’ by the conventional Yulean process, the one coefficient remains about 


TABLE V, 


CORRELATIONS BETWEEN BLINKS PER MIN., ÁTMOBPHERIC TEMPERATURE, AND 
ABSOLUTE HuxIDITY 
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the same while the other is reduced to around zero. Thus it would seem that’ 
coolness is more important than moisture. But these results are inconclusive 
and show no marked tendency in the ranges of variation ordinarily encountered 
in the laboratory building. If more cases and longer ranges were employed, it 
is possible that the coefficients would still hold their opposed signs and increase 
in size. 

Air movement in the region of the eye seems to favor blinking and also tends 
to reduce the non-blink span. In one instance a rotating electric motor in some 
optical apparatus produced a slight draft in the vicinity of the cornea. Elimi- 
nation of this air current seemed to produce increased comfort and greater . 
ability to refrain from blinking. Similarly, air currents rising from a radiator 
and passing by the face may have s disturbing effect. 

If there were a time of day during which the S did not have to blink as much 
as at other times, the E might be glad to know of it and to schedule his sessions 
accordingly. Neither in the case of the blink rate nor the ability to refrain 
from blinking have we been able to discover any marked tendency in that direc- 
tion. Table IV above gives hourly values for the non-blink span from 8:00 A.M. 
to 10:00 P.M., and they indicate nothing definite save possibly some falling off 
from the first hour or two. A similar table, which there seemed to be no partic- 
war point in publishing here, shows the mean blink rates of the same three Ss 
for each hour. The only indication is a alight and very irregular tendency for 
the rate to rise through the day. Further data might uncover something more 
definite; there may be optimum times for individual Ss, or there is the possibility 
of rhythms in blink rate or non-blink span. 

Concerning the question of choosing Ss, a few words may serve to conclude 
these notes on lid control. Appropriate selection of Ss contributes to control, 
as much as employment of special expedients and instruments. Whereas that 
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combination of procedural and instrumental controls which will be most appro- 
priate depencs very largely upon the particular problem at hand, the principles 
for selecting Ss are relatively few and constant. Of course the investigator is 
after Ss whose vision is satisfactory, and who do not blink often, or who can 
refrain from blinking for a long time. The great individual differences suggest 
at once the cesirability of giving prospective Ss a preliminary test to determine 
whether or not they are relatively proficient. The test should preferably be under 
the actual experimental conditions. There are Ss to be found, Geldard saya, 
. who without much discomfort can refrain from blinking for minutes. 

Other things being equal, it seems well to reject heavy-lidded candidates in 
favor of thosa who naturally keep their eyes rather wide open. If there is observ- 
able space batween the upper lid and the top of the pupil, so much the better. 
This is to avoid the likelihood of the upper lid partially obstructing the stimulus, 
and to mak» the wearing of a lid holder, if necessary, more comfortable and 
effective. 

Age and sex appear to have some influence upon blinking, as indicated in 
the results cf Peterson and Allison. Blinking tended gradually to increase with 
age, and women seemed to blink more frequently than men, on the whole. Where 
otherwise feasible, this of course favors the use of comparatively young male Sa. 
Emotional gress sometimes has a marked influence upon the blink rate; obviously, 
then, it is well not only to select Ss, but also to arrange conditions in which such 
stress is not likely to arise. 


- 
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À VARIABLE-PATTERN PAPER MAZE 
By D. F. Suowaurgn, Arkansas State College 


The maze shown in the accompanying figure can be made on & mimeograph 
80 that a large variety of forms may be produced at a small expense. The pattern 
shown is a ten unit, T-type maze with nine culs-de-sac. The correct path, which 
is shown as a solid line, is found by connecting the numbers from zero to sixty 
in order. The cule-de-sac are shown with broken lines. The path can be varied 
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Fig. i. THs VARIABLE-PATTERN PAPER Maze 


by changing the length of the lines, or the order of changes: in direction, or by 
following an irregular route and returning to the starting point. A further 
modification may be produced by having either the letters of the alphabet in 
order or a single letter from a path through a maze of letters. 

The path may be traced with & pencil or, if & carbon paper is used, with & 
glass rod. The glass rod leaves a faint mark which, though discernible, does 
not allow the pattern to be geen as a whole. This mark is entirely eliminated 
when the tracing is made of & sheet of transparent celluloid laid over the maze. 


NOTES AND DISCUSSIONS 


Ane Exorions TurngoLoarcAn Consrrvcrs? . : 


Nearly fcrty years ago William James married the emotions to the instincts 
so solidly that a divorce seemed to be impossible.! James’ work was indeed but 
the giving of official sanction and due publicity to a union which had been tenta- 
tively announced by Charles Darwin in his Expression of the Emotions in Man 
and Animals. Apparently, the indissoluble bond has since been dissolved; but as 
a matter of fact, it is the death of one of the contracting parties that has broken 
the bond. Instincts have quietly passed away after a brief and feverish illness, 
and the widcwed emotions have been left. 


The detailed exposition of James resulted in a general —— n of the 
echeme of emotions as organic results of responses. . in so far as responses occur 
as unlearned patterns of specific and unique types, that is, as the manifestations 
of ‘instincts.’ we should expect ‘emotions’ of equally unlearned and unique 
types, capable of being named distinctively. In so far as responses are modified 
by the learning process, we should expect emotions correspondingly modified. 

This ana_ysis of the problem, indeed, seems as sound today as-it did in 1882. 
If there is, for example, an instinct which may be called flight which manifesta 
itself in different ways in different circumstances, but always in such a way that 
it is recognizable as flight, and definitely discrimmable from any other instinct, 
such as the fghting instinct; then there should be a corresponding emotion, which . 
we might call fear, unique in-its nature and generically distinct from any other 
emotions such as ‘anger.’ 

This doctrine, prior to 1918, was so well established that social psychology 
was said to be ‘founded’ upon it. It was so thoroughly ingrained into general 
psychology that the first behavioriam, although soft-pedalling on ‘the emotions,’ 
based itself upon ‘the instincta’ without an apprehensive question. 

Then something happened. When I expressed before the American Psycholo- - 
gical Associgtion in 1919 my doubts concerning the reality of ‘instincts,’ my whole 
point seemed as fantastical to all but two or three of the members present as if 
I had expressed scepticiam concerning the existence of spectroscopes. In a very 
few years, Lowever, ‘instincts’ were banned from American psychology, and the 
revolt against instincts has even gone to the unwarranted extreme of putting a 
taboo on su»h perfectly good concepts as ‘instinct’ and ‘instinctive,’ which are 
really not bound up in the old ‘instincts’ at all. 

Only a few paychologists, at the present time would base anything on ‘in- 
stincts.’ Apparently, the doctrine that ‘an instinct’ is nothing more than an 
arbitrary clessification of responses in accordance with external results or external 
situations in which certain resulta may be accomplished, (i.e. a teleological class- 
name); and that even the results by which classification is made are arbitrarily 
selected by the classifier; is generally accepted except by those who hold to a 
spiritual doctrine of ‘instincts’ as energies put out by a substantial soul. 

1Pregented before the Southern Society for Philoso and cho 
New Vans December 30, 1931. phy Firenoloeyn, 
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After such a revolution, a logician might expect that emotions as uniquely 
different facts would have disappeared along with the ‘instincts’ to which they 
were obviously bound. This result, however, has not followed. Psychologists 
still talk of this ‘emotion’ and that ‘emotion’ as if they were sus generis; and the 
behaviorist has newly established behaviorism on the foundation of a few unique 
‘emotions’ from which others are developed; the foundation which had been 
demolished by psychology being thus replaced by more of the same material. 

I have from time to time suggested that the situation is illogical. I want to 
insist that it is absurd. ‘Emotions’ can be named: we can speak for example, 
of anger, fear, and grief. But these names represent no psychological entities, 
no unique affective processes. They are names applied to varying complexes in 
the affective content, and they are teleologically chosen. The search for ‘primary 
emotions’ is as much an anachronism in psychology today as is the search for 
the soul: and it is a search of the same sort. We must face the fact that the 
‘emotions’ are names to which correspond no concrete realities, but designate 
abstractions of the most arbitrary type. 

Let us consider ‘fear’ as an illustration. What is ‘fear’? Its outward expres- 
gion, we already realize, runs the gamut of responses. It may be manifested in 
flight; in immobility; in fighting; in caressing; in anything. On the other hand, 
the same outward expressions are characteristic of many emotional conditions. 
One fights when angry; when afraid; when in love. The responses to different 
external situations may become somewhat differentiated with advancing age: 
but the baby makes the same response to being dropped; to having a pin stuck 
in him; to being deprived of his bottle; to a violent shrill sound. No one but a 
behaviorist would be so rash as to conclude, with no evidence whatever, that the 
baby’s ‘emotion’ is the same in ali these cases. But, one will say with justice, 
these outward expressions are of slight consequence. It is true that fleeing ‘fear’ 
is different from fighting ‘fear.’ But the difference is unimportant as compared 
with the inner (bodily) states and processes. That, it will be said, is the same in 
all ‘fear.’ 

Now just what are these inner states? I do not doubt that there are inner 
states: states of the muscles of the trunk, arms, limbs; states of the alimentary 
canal; states of the other tissues. I do not doubt that these states are experienced: 
that they are stimulus-patterns which initiate responses. But are they the same, 
or measurably the same, in all ‘fear?’ 

So far as objective experiment goes, the answer seems to be: No. Further; 
the states or processes which do seem somewhat constant are also found in 
‘emotions’ of quite different names. Shall we turn to introspection? Then the 
negative is still more emphatic. Different ‘fears’ do not feel the same. Not 
even ‘fears’ which arise in apparently similar circumstances. 

So far as introspection goes, two ‘emotions’ of the same name are often more 
different from each other than they are from other ‘emotions’ of officially different 
names. This is not conclusive: introspection raises problems, never settles them. 
But the problem raised in this case will not down easily. If it is ever to be solved, 
experimental attacks must be devised to fit the problem, and not shaped along 
the lines of pseudo-problems. Emotion, however, is a fact quite aside from 
questions about ‘the emotions.’ We do get ‘stirred up,’ ‘moved:’ we feel. All 
introspection agrees on this point. What, then, do the names of ‘the emotions’ 
signify? 
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Nothing more than the situations in which we are emotional. In one circum- 
stance, there is a threat or danger. Something, some person, some occurrence, 
threatens to Emit me, to injure me, to deprive me of something I value. This is 
& definite constellation and the emotion I experience in this situation, I call 
fear; althouzh the actual emotion may vary. But hold, wait a bit: I do not 
always call it ‘fear.’ Sometimes I call it ‘anger.’ Yes; but then certain features 
in my environment are emphasized, which are less conspicuous in the situation 
in which I cell my emotion ‘fear.’ If a person threatens me, and I emphasize 
‘his part in the portended happening I may still ‘fear’ him, if I admit his greater 
power. Or I may be ‘angry’ at him. It all depends on the way I think about 
the situation, not on the actual state of feeling. In still other ways of apprehend- 
ing the situacion I may call my emotion ‘resentment.’ In still others I call it 
‘grief.’ It is not for nothing that we may sob in any of these cases and even in 
‘joy; for ‘joy’ is merely the name we give to any emotion which occurs when we 
are specifically conscious of additions made to life. The vital differences, so 
far as feeling itself is concerned, are those between calm ‘joy’ and ecstatic ‘joy;’ 
cold ‘grief’? and frantic ‘grief; chilly ‘fear’ and frantic ‘fear.’ The differences 
otherwise are minor. Frantic ‘fear,’ frantic ‘joy,’ frantic ‘grief’ are much more 
alike, as emctional states, than frantic ‘grief’ is like to depressed ‘grief,’ frantic 
‘joy’ to quie; ‘joy,’ or excited ‘fear’ to cold ‘fear.’ That in which the various 
‘fears’ resemble one another, the various ‘griefs’ resemble one another, and the 
various ‘joys’ resemble one another, is in the likeness of the situations in which 
these states arise, or rather, in the perceptual and ideational apprehension d 
‘these gituaticns. 

To recapitulate: The emotions as classified in daily life, and in our archaic 
psychology ere classified and named in accordance with our estimation of the, 
situations in which they arise. I may estimate a situation today as different 
from an extramely similar situation tomorrow. Then I call ‘the emotion’ in the 
two cases br different names, corresponding to the situations as estimated or 
apprehended. 


I may apprehend my situation primarily as one in Seid my welfare is threat- 
ened. J call my inner responses fear. You may apprehend my situation as one 
in which I fight against the threat; you say I am angry. Which is correct? The 
answer may 3e: Both! You name my emotion correctly in so far as you connect 
it with any factor in the environment which is really efficacious in stirring me 
up, or any £otual intellectual attitude of mine towards the environment, or on 
any demonstrable result of my emotion. 


It is no wonder that experimental attacks on the problem of emotions ‘have 
produced no results. Our problems have been formulated in teleological terms, 
although we have supposed we were studying emotion as such. Our methods 
have been datermined by our misconception of the problems. We have eagerly 
sought, for example, for characteristic organic symptoms of the conventionally 
named ‘emozions,’ overlooking the fact that the differences for a single so called 
‘emotion’ should be expected to be as great as between two differently named 
‘emotions.’ We have asked patient observers to report their ‘emotions,’ and 
have been misled by not knowing that the language in which the reports are 
given has mainly an environmental significance, and secondarily a cognitive 
reference. 
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In studies of the ‘personality’ type, we gravely record such statements of the 
patient as that he feels ‘more cheerful’ today; that he feels ‘depressed,’ or hope- 
ful,’ etc., never suspecting that the reports have little bearing on the actual affec- 
tive state, but signify primarily the patient's judgment of situations. As indi- 
cations of the patient’s intellectual attitudes, these reports are of great value. 
Even the answer to the question: “Do you feel depressed?" may be significant, 
in spite of the fact that the same person will answer “yes” this week and “no” 
next week, but the significance is intellectual and not emotional. 


I have been much impressed by: the statement, in a recent report, of the 
method employed and results obtained in ascertaining employees’ emotional 
states. The investigator first guessed the individual’s state on the basis of his 
behavior. Then the individual was asked to report his state. If the two charac- 
terizations agreed, the rating was accepted as valid. If. they disagreed, the 
individual was questioned later in the day, when it was usually found that his 
report agreed with the investigator’s judgment! 

In various ways, we find individuals tending to report their emotional states 
in terms of the ways they think they should feel in specific circumstances, as 
well as ways which they deem appropriate to the external conditions (which do 
not always amount to the same thing). Even when verbal report is ruled out, 
and other types of responses are interpreted, the interpretations are confused 
by the fact that the same response means different things at different times. 

When & person is whistling lively tunes at his work, is he intrinsically ‘cheer- 
ful’? Unless by ‘cheerful’ we mean merely that he whistles, the significance of 
his behavior is ambiguous. Often he is depressed. But usually, he thinks he 
should be cheerful, in a more inner gense, or that he should be optimistic, bucked 
up or looking on the brighter side. The determinants of classification seem in 
the predomingnt number of cases to be not mainly the actual inner feeling, but 
the external circumstance, and the individual's judgmental attitude toward the 
circumstances. 

In another direction our confusion has been more deadly. We have, during 
the last two decades, more and more emphasized the emotional factor in life, 
at the expense of the cognitive. We have insisted, for example, that the percep- 
tual and ideational qualifications of the child are not paramount: that his emo- 
tional attitudes in the home, in the school, among his mates, are of profound 
importance in determining his development, his learning, his adaptations. We 
have made a great pother about this discovery, in education and child guidance, 
and have created over night a lot of ‘experts’ in directing the child’s emotional 
development. But when the results are checked, we find that little progress has 
been made, and that little in defiance of the theories. We are really dealing in 
this field with matters of understanding, judgment, and thinking generally. 
Solomon is justified in his maxim: practical success has been attained by getting 
the child to understanding his situation, to think accurately, and adopt healthy 
ideals. As we drop the ballyhoo about ‘emotional attitudes’ and face the problems 
as they actually are, we shall make still more progress. __ 

There are emotional states or processes (whichever you choose to call them). 
These emotional items, moreover, actually do vary. Neither of these statements 
can be proved: but they are good working hypotheses. That there are different 
‘emotions,’ discretely distinguishable in kind from one another, aside from their 
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cognitive agsosiations, is a different hypothesis, which.time has shown to be 
sterile. The more plausible hypothesis is that the variation is of the type which 
would occur ir a complex in which there are n elementa, any one of which may 
vary in a graded way, so that the total variation is poly-dimensional but without 
discriminable steps or jumps. The value of n, and the nature of the elements, 
if any, remain to be determined. It is safe to. say, however, that if affective 
elements are ever discovered, they will not be items to which we would apply 
the conventional names of ‘the emotions.’ 


It would seem that the best attack on the problem of emotion (not ‘the emo- 
tiong’), should be through the study of actual variations, regardless of emotional 
names. As a natter of fact, beginnings have been made in this line, It is unfor- 
tunate that we have to make these beginnings through classification; but if we 
hold resolutely to the fact that classifications are only classifications, we may 
even so make classification a useful servant. 


We have roted that certain émotions, regardless of names, are pleasant, 
others unpleasant; some are exciting, others are the reverse. There are obviously 
dimensions of emotional variation which are by no means independent of external 
conditions and results, or of ideational processes; but which we can actually 
study as psychological features, collating them with cognitive factors, and not 
confusing them. Perhaps if we forget the conventional teleological classifications, 
and actually study their obvious dimensions, we shall learn something about 
them and disecver other dimensions. 


Such study as I urge must of course be psycho-physiological, rather than 
neurological. If we change the terms slightly, the James-Lange theory of ‘the 
emotions’ vanishes; but the modified James-Lange theory of emotion remains a 
permanent contribution to the armament of psychology. There is neither hope 
nor good spor; in investigating emotions except as organic or bodily states: 
products of response to the environment, not intermediaries in response. The 
sooner we recognize that the traditional ‘instincts’ and traditional ‘emotions’ 
were really yoked together and that the passing of ‘instincts’ left ‘emotions’ so 
forlorn as to be hardly serviceable even for behaviorism and other reactionary 
psychologies, tie sooner will our study of emotion become productive. 


Johns Hopkins University Kwieat DUNLAP 


IN8SIGHT AND THE CONTEXT OF GESTALT THrory 


In the April number of this JougNAL,! Ogden presents an attractive defense 
of the notion o? insight from the standpoint with which he haa identified himself. 
With the greatar part of his discussion I am in substantial agreement. During 
the course of ais exposition, however, he disposes very swiftly of ten points 
which I had raised in an earlier attempt to deal with some of the difficulties 
which the doczrine of insight creates for the middle-of-the-road psychologist.* 
A number of these questions, in fact, are summarily dismissed with the brief 
statement that they fall outside “the context of Gestalt theory” and are there- 
fore meaningless, uninteresting to the configurationist, and devoid of fruitful 

!R. M. Ogdan, Insight, this Journ 1932, 350-356. 

2G. w artmann, The concept an ud pue 0 pi Psychol. Rev., 38, 
I931, 242 
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experimental possibilities. Since the limitations of space forbid detailed answers 
to all points, my reply will be confined to the more outstanding instances of 
disagreement. 

As I see it, the major weakness in Ogden's position is expressed in the assump- 
tion that any critique of the Gestalt position, either in general or in detail, is 
null and void unless it first accepts the theoretical postulates upon which it is 
based. . To maintain that a certain positivistically-worded logical or experimental 
problem has no connotation within the “context of Gestalt theory" is to evade 
the issue by merely denying its pertinence to psychology. The question is: 
Does the particular problem fall within “the context of psychology as such,” 
or of “science a8 a whole," or even of “human experience in general"? No 
contemporary technician feels alarmed when one asks if the hydrogen ion con- 
centration of saliva is raised or lowered during emotional stress, despite the fact 
that three conceptually distinct worlds of chemistry, physiology, and psychology 
are involved. Then why reject as illegitimate the perfectly harmless and rational 
first inquiry, “Are specific insights the outcomes of prior trigl-and-error?"— 
especially when the contrasted principles of behaviorism and configurationism 
are both comprehended within the universe of psychology? To assert this 
seriously would work havoc with all efforts at reconciling opposing hypotheses 
within our discipline. Such a stimulating possibility as Watson’s view that 
thought is simply the action of laryngeal mechanisms—to mention but one among 
thousands of similar ‘fruitful’ proposals—would never have appeared had Ogden’s 
view prevailed. Surely no Thomist or existentialist could brush aside this 
question with impunity because it fell beyond the scope of his own private 
theory or framework of principles. Instead, the problem has generally been 
recognized as interesting and valid in ita own right. Had I asked, “Do kittens 
write textbooks with left-handed clam shells?” then it would have been proper 
to say that this statement falls outside the "context" of everything except the 
universe of nonsensical language or of Alice in Wonderland. 

Turning to the second statement, I believe the configurationists hold that 
all learning requires some insight—a bold assertion of universality which sorely 
needs confirmation. Insight implies a sense of the fitness and inevitability of 
the means for obtaining a solution. Yet what appropriateness does a child exper- 
ience when it learns that pressing a button produces light—especially when the 
same effect can be secured by pulling a string or turning a wheel? Thorndike 
taught his cats to escape from confinement by scratching themselves. Can a 
more arbitrary or less insightful sequence be imagined? Nevertheless, learning 
in the broadest sense of attaining a goal certainly occurred. 

With respect to the third item whieh concerns the best single criterion of 
insight, I am inclined to agree with Ogden that the discrimination of adequate 
means for attaining a desired end constitutes a valuable “earmark” of the pro- 
ceas, although (to paraphrase another one of his statements) 'it presenta more of 
a problem than a solution.’ Numerous and disparate criteria of insight have 
been suggested as any casual survey of the literature shows. If that be the 
case, why is not the question of the most significant index of the process—as 
measured perhaps by the degree of correspondence between external event and 
inner experience—both conceivable and profitable? 

My fourth question asked, “Is insight necessarily accompanied by ideas?" 
Ogden rejects this phrasing as implying a needless loyalty to an outworn creed, 
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but I see no reason why a catholic psychologist of today should hesitate to avail 
himself of introspective data in the interests of a richer description of the event, 
even if these accessories do fall outside the pale (or “context’’) of configura- 
tionism! The wae of the term “ideas” is not intended to convey any theoretical 
bias; it is probably most safely employed in the general Lockian sense. What 
is said here applies also, pari passu, to Ogden’s comments on the fifth and sixth 
items of my original list. 

So far a8 the seventh problem is concerned, I am inclined to believe that a 
careful examination of bona fide cases of “association by similarity" may afford 
some of the finest testimony to the reality or unreality of the insight factor. 
. Failure to appreciate this is very much like cutting off one's nose to spite one's 
face. A flat refusal to equate old and new terminology, just because the former 
does not fit the context of Gestalt, would involve turning one's back upon a great 
historical tradition, a step which Descartes could not literally take even though 
he tried. Moet of ua are happy to pour old wine into new bottles whenever an 
opportunity permits, as in Jaensch’s suggestion that the eidetic image may 
have been geretically the transitional mediator between the “impression” and 
the “idea” (in Hume’s sense). 

The solution of some of these problems as I have stated them may demand 
& greater reliance upon narrower introspective procedures than many would be 
willing to allow. But the Gestalt theorists ought to be the last to protest on this 
score. Whatever differences there may be between introspective reporte and 
phenomenological analyses (Wertheimer's historic paper of 1912 is a classic 
example of the latter) are probably not of sufficient import to affect the outcome 
of any investigation employing either or both procedures—or to prevent one from 
going &head with the study. 

Pennsylvania State College — . Gnoren W. HARTMANN 


HELSON AND FxauxER on “Tuam RÓLE or Form IN PERCEPTION” 


Helson ani Fehrer point out in a recent number of this JOURNAL, that the 
problem of form has long been an important issue in theoretical and experimental 
psychology; but in recent times, this problem has assumed definite significance 
because of the work of the configurational school. This school emphasizes the 
view that perceptual and bodily responses of the organism form a whole, & unit, 
or configuration. Helson and Fehrer criticize this view, asserting that the 
configuration-sts have over generalized and over emphasized the rôle of form 
in perception. They also affirm, on the basis of their results, that circular forms 
are not preferred to squares and rectangles. Hence they are led to disagree 
with Kóhlers hypothesis regarding preference for the ‘simplest’ symmetrical 
forms. According to their experimental findings, the perception of light at the 
absolute threshold for vision is formless, and only at higher levels of brilliance. 
are forms just perceived; at still higher illuminations the certain form of the 
stimulus emerges. 

This stucy stimulated the writer to reéxamine experimentally the problem 
of form. Tke writer is convinced that Helson and Fehrer's experimental work 
and theoretical conclusions leave much to be desired in a scientific attack upon 


1H. Helscn and E. V. Febrer, The rôle of form in perception, 44, 1932, 79-102. 
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the problem. The evidence advanced by them that forms are not first or primary 
in perception seems inadequate and misleading. 

If Helson and Fehrer's conclusions cannot be admitted, the problem remains, 
“What is the actual relation of the perception of form to the lower limen of 
vision?" Experiments carried out by the writer seem to answer this question. 
In the course of these experiments, it became evident that the perception of light 
at the absolute threshold for vision is not formless as.Helson and Fehrer assert 
but that it is formed or organized in a whole with definite figure-ground proper- 
ties. Thus, there is definite evidence that the correct explanation of the réle of 
form in perception lies in quite a different direction from that given by Helson 
and Fehrer. 

In the first of the writer’s experiments, 4 Os were used. O was seated in a 
dark room before a test object in which different figures (squares; rectangles; 
triangles; L-shaped figures; jagged, irregular figures, and semi-circles) of the eame 
approximate area had been cut. The figures were observed through a small 
artificial pupil. Four red dots served as fixation points. The visual angle sub- 
tended by the open figure fell well within the fovea. Monocular vision alone was 
employed. A reflecting screen was used which allowed independent illumination 
of the figures. Starting with an illumination which fell below the threshold of 
visibility, the brightness of the figure was gradually increased to a just perceptible 
briliance. O was then instructed to draw and describe the appearance of the 
perceptual field. Invariably, the Os drew a lighted circular form on a dark 
ground, and described the figure as a circular area of light on a dark ground. 

A modification of this experiment consisted in independently illuminating the 
atea surrounding the figure. Here the figure was dark. In this case, the Os re- 
ported the appearance of a dark circular area on a lighted ground. There is thus 
positive evidence that light at the absolute threshold for visibility is ‘formed’ 
rather than ‘formless.’ l 

In another experiment, the surface of the test object surrounding the figure was 
illuminated and the brightness of the test object increased until the field appeared 
a uniform brilliance. It was then possible to investigate the emergence of a 
lighted figure on a ground of lower or higher brightness. The results of this experi- 
ment show that a figure emerging from a uniform ground of brightness appears 
first as circular in form. In still another experiment, the test object was greatly 
reduced in size by the use of a lens and O was required to draw and describe the 
appearance of the test object at the extreme limit of visibility. Again the figure 
was reported as s round lighted object on a darker or brighter ground. Further 
experiments, this time on the differential threshold for form where figure and 
ground were of different colors (hues), brought out the same resulta. 


The assertion of the configurationists that forms are first and primary in per- 
ception finds experimental verification in this series of experiments. Helson and 
Fehrer appear to have confused form as assumed in the stimulus-pattern with 
form as it exista in the perceptual field. Figures objectively contoured and per- 
ceived as formed constitute only a small percentage of formed experiences. A bias 
of the O toward the stimulus-pattern (stimulus-error) —looking for ‘objectified’ 
form, rather than for form in the perceptual field as such— would explain Helson 
and Fehrer’s results. The writer has been experimenting in vision intensively for 
several years and has yet to find in his own experience or that of his Os, an ‘un- 
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formed' perceptual field. -By no means will the form seen and the form of the 
stimulus-pattern always agree, & point the potency of which Helson and Fehrer 
have apparently overlooked. 


University of Kansas | WARREN W. WinLcOX 


“A Question oF Emnics:;" A RuJOINDER 

In the April number of this JourNnat,! Willis D. Ellis offers several criticisms 
of my introductory chapter to the Listener's Notebook prepared for the first series 
of broadcasts sponsored by the National Advisory Council on Radio in Educa- 
tion. Ellis minor objection seems to be that my chapter contained erroneous 
generalizations. His major objection, however, is that such misstatements - 
reflect not sólely upon their author, but upon, psychology and psychologists in 
general, since tae radio pamphlet was, in a sense, an “official” publication. 
This misrepreseatation of modern psychology he considers to be serious and 
unethical. 

_ Ellis’ objections are based upon a misinterpretation of what I actually said. 
On page 1r of my introductory chapter I wrote, apropos of several animal experi- 
ments which I Lad previously described, that “animal psychologists have found 
little evidence tist animals in such situations ‘reason’ or ‘think out’ the correct 
solutions." Doss this statement misrepresent present opinion among animal 
psychologists, ae Ellis seems to think it does? As Iam not a comparative psychol- 
ogist, I shall cit» from several recognized authorities in the animal field. In his 
radio address dalivered on March 12, 1932, Thorndike says,! with reference to 
animal learning “In such.learning there need be, and usually is, no reasoning, 
no inferring, or comparing. There need be, and usually is, no thinking about 
things, no putting this fact and that fact together. There need be, and usually 
are, no ideas; tae animal need not think of the box or the food, or the acts he 
performs. . ... Animals learned by trial and success millions of years ago. 
Most of the animals in the world today do most of their learning in this way.” 
Hunter, after reviewing Kóhler's ape-experiments, states his decision that 
“we are thus fcrced to the conclusion that no causal factor of insight has been 
demonstrated, and that to resort to such a hypothesis is to desert the straight- 
forward experimental attack upon the determining conditions of behavior from 
which alone an adequate solution can be derived." Carr,‘ in his presidential 
address before the American Psychological Association, criticizes the view that 
insight is a method of learning separate and distinct from the so-called trial and 
error or motor method of learning in the following words: “Used in this way, 
the term insight will come to imply, I fear, some mystical, intuitive power of 
mind that unerringly, unfalteringly, and inevitably guides our mental footateps. 
in'the paths in which they should go. To attribute this sort of insight to animals, 


'W. D. Ellis, Psychology today: A question of ethics, op. cit, 44, 1931, 


365 
3 P Thoradike, Intelligence of animals and men, Radio Lecture, Psychology 
d Sy lay IUe JE : 
oundalions of Experimental Psychology, 1929, 575. 
A d A. Carr, ar The interpretation of the animal mind, Psychol. Rev., 34, 1927, 
7-1 l 
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is to endow them with powers not possessed by human beings. I am perfectly 
willing to humanize animals upon occasions, but I do most heartily object to 
deifying them.” 

These quotations are from men whose work, I believe, nearly every psycholo- 
gist would agree is representative of modern trends in the comparative field. 
I leave it to my fellow psychologists to judge whether my sentence, as given 
above, is “unethical” in that it misrepresents modern psychology. What Ellis 
meant to say, I imagine, was that I had “misrepresented” his own personal 
views of animal learning. 

' Hillis’ remarks directed against my treatment of the topics of the emotions 
and intelligence are interesting as examples of logic, but hardly worthy of com- 
ment. It would be easy to show, by citing authorities, that he is apparently 
not well informed on these topics. The examples of animal learning given above 
will suffice. Ellis seems not to recognize fully that I wrote these sections for the 
general reader without psychological training. That they are sketchy and leave 
much to be deaired, no one appreciates more than I. 

‘In conclusion, Ellis comes, it seems to me, very close to violating the "ethics"! 
of fair play. A psychologist should at least acquaint himself with current knowl- 
edge in the field before he undertakes to inform—or reform—other workers. 


Columbia University Henry E. GARRETT 


FALLIBLE SCORES AND THE STANDARD ERROR OF A DIFFERENCE 


It is desirable occasionally to determine the significance of a difference be- 
tween two ‘true’ measures, one or both of which have been determined from fal- 
lible scores. The usual formula for the standard error of a difference is inadequate 
for this purpose. There are four possible types of differences which may arise, 
namely: (1) when one variable has been measured by ‘true’ acores and the other 
by fallible scores, but the variables are uncorrelated; (2) when one variable has 
been measured by ‘true’ scores and the other by fallible scores but correlation 
exists between the variables; (3) when both variables are measured in terms of- 
fallible scores, but the variables are uncorrelated; and (4) when both variables are 
measured by fallible scores and correlation exists between the variables. 

The standard error of a difference between two measures when they are un- 
correlated is 


Gg = (0 + 033... lessen. uad orate cases [1] 
In many problems in education correlation exista between the two variables, which 
as pointed out by Walker may exert a not inconsiderable influence on the result.! 
When correlation exists between the measures formula [1] becomes 


Ga = (oP + oP — 20,033)8 ...... eee celere {2} 

Now if the variables are perfectly reliable rz will equal row; gı will equal ga; 

and g: will equal gw. If, however, either or both variables are not wholly re- 

liable, the attenuation in 01, 05, and Ms: must be considered. We need now, before 

we can proceed, the true standard deviation, the correlation coefficient corrected 

for attenuation, and finally the correlation coefficient corrected for attenuation in 
one variable. 


1H. M. Walker, Concerning the standard error of a difference, J. Educ. 
Psychol., 20, 1929, 53-60. 
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The formula tor the true ssandard deviation has been given by Kelley? as: 


Tan = Jy (ri ———————Pá—— ——— € [3] 
Spearman? gives the correlation corrected for attenuation as: 
foe Nu nisi as Veni ae ded baa a ees aes [4] 
The formula for the correlation corrected for attenuation in one variable as 
given by Kelley‘ is: l = 
EIE OA LECCE TTE TI [5] 


We may now by appropriate substitutions in formulas [1] and [2] secure the desired 
standard error of a difference. 

The standarc error of a difference T a true and a fallible measure when 
they are uncorre_ated is given by formula [6]. 


Cid = (ei! rir + act eee wq ee AUN NORUNT OR: SUR ee ee ee ee EROR NDA e [6] 
If correlation exists between the two variables then formula [6] becomes: 
Ora = (Gi fix + OR — 2010303)8 eee eese [7] 


We now desi-e the standerd error of a difference when both the original mea- ` 
sures are fallible. This is given by formula [8] when correlation is absent and by 
formula [9] when correlation is present. 


, Sta = (g1* ni + 01! rii! rrr rrr [8] 
Ota = (OY rap P oat rary — 2010a2:3)]...... eene [9] 


It should be noted that in aL cases the standard error is reduced, but that as the 
reliability coefficients approach unity, the values given by formulas [6] and [8] 
approach that af formule [1], and similarly the values given by formulas [7] and 
[9] approach thal given by formula Bl 

Fordham Uriversity _ Jack W. DUNLAP 


Tas Naw Yorx Mepring or THE Soomrr or EXPERIMENTAL PSYCHOLOGISTS 


The twenty-aighth annus] meeting of Experimental Psychologists was held at 
Columbis University on March 24 and 25, under the chairmanship of Professor 
R. S. Woodworth. Nineteen members from fourteen universities were present and 
reported upon tne work in progress in their laboratories. The 1933 meetings will 
be held at the Jniversity of Pennsylvania under the eae of Professor 
S. W. Fernberg2r. 

K. M. D. 


Tre AcovBacY OF PHASE CYCLES IN A COMMERCIAL ELECTRIO CURRENT 


In a recent experiment we ran the constant speed motor of a Dunlap Chrono- 
scope by a 60 orcle A.C., current supplied by the Philadelphia Electric Company. 
The current is now employed so widely for use with telechron clocks and with 
synchronous motors used for other purposes that great efforts are made to main- 
tain a constant zate of alternation. On the basis of the current which we are using 


T. L. Kelley, The measurement of overlapping, tbid., 10, 1919, 459. 
'C. Spearman, The proof and measurement of association between two 


times, this JocRNAL, I5 ICO4, B8. 
elley, op. cit., 460 
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the normal reading of the single unit of the Dunlap Chronoscope measures 1/1200 
sec. It has seemed worth while to determine the aecuracy with which the electrie 
company maintained the cyole ratio. 

The electric company very kindly supplied me with graphic records of their 
cycle rate covering the period_of an entire week. The records show that the cycle 
rate was maintained within an error of 1/10 cycle with a high degree of accuracy. 
This means that if one were measuring reaction-times of the magnitude of 200/1200 
sec. the range of accuracy would be between 199.8/1200 and 200.2/1200 see. 
During the week the accuracy deviated more than 1/10 cycle only 23 times. The 
deviation was never as great as I.5 cycle. The large deviations are of only short 
duration and apparently are due to sudden changes in load. Hence the largest 
deviation would give an accuracy of from 199.6/1200 to 200,4/1200 which is below 
the sensitivity of the Dunlap Chronoscope and certainly below the sensitivity of 
the accuracy required of practically all chronoscopie work in psychology. 

University of Pennsylvania SAMUEL W. FERNBRRGER 


Harald Balding: 1843-1931 

The Danish philosopher, Harald Hóffding, was born in Copenhagen on 
March 11, 1843. He passed the state examination in theology at the University 
of Copenhagen in 1865, took his doctor’s degree in philosophy in 1870, was habili- 
tated as Dozent in philosophy in 1880, and was made Professor of Philosophy 
in 1883. In 1914 he was elected to the honorable residence of Carlsberg, founded 
for the most eminent Danish citizen. In 1915 he resigned his professorship. 
He died on July 2, 1931. 

The main trend of his philosophical development was directed away from 
theology toward a naturalistic philosophy, with a positivistic and critical (Kan- 
tian) influence from Sören Kierkegaard, Comte, and Stuart Mill ; 
_ His psychology is a “psychology without soul" which has as its main object 
the mental phenomena, and which regards introspection as it chief method. 
He regarded the experimental method with friendliness, but thought it applicable 
only to the most elementary phenomena. 

Hdffding was a thorough determinist. Concerning the relation between body 
and soul he maintained empirically the identity hypothesis: the mental and the 
material world are two manifestations of one and the same being, both given in 
experience. Metaphysically he was inclined to maintain (with arguments from 
the theory of knowledge) that the mental stands closest to the innermost essence 
of existence. — à 

The main content of his psychology resembles the older association psychology. 
Hoffding thought that he had avoided atomism by regarding the so-called mental 
elements as abstractions, and by considering the mental life as having an active 
and a passive side. “The passive side corresponds to the diversity of elements, 
the active side to the unity of all conscious content, whereby the individual ele- 
ments are connected and brought into interaction. Kant, therefore, rightly 
characterized consciousness as a synthesis, which always presupposes a given 
manifold and combines individual sensations into percepts, forms representa- 
tions into concepts, and so forth." A special case of this synthesis appears in 
his law of relativity: “From the moment of its first coming into being, the exist- 

‘ence and properties of a sensation are determined by its relation to other sensa- 
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tions.” Among the three mental elements, feeling, cognition, and will, he re- 
garded the will as the most fundamental, and aa identical with the activity of the 
synthesis which in every individual case is directed to a definite, more or less 
conscious, end. “As the will is not a single element, but the form of conscious 
activity, it is mot directly observable. The association of ideas by contiguity, 
similarity, and contrast are regarded as forms of the fundamental law of totality. 

Hdffding’s main contribution to psychology is the emphasis he gave to recog- 
nition. His “cuality of recognition" (Wiedererkennungsqualitdt) points, by way 
of the Gesialiqraliidt of Ehrenfels, to more recent developmenta in psychology. 

His Outlines of Psychology, which first appeared in Danish in 1882, has gone 
through many editions, and has been translated into many languages (English, 
1891). A part of its success is ascribable to the prominence of more philosophical 
analyses, whici makes it a sort of Einleitung in die Philosophie. - 

The other writings of Haffding contain a large amount of valuable psycholog- 
ical reflections. This is specially the case with his Ethics, Philosophy of Religion, 
and Human Thought (his main work upon the theory of knowledge). His little 
‘book, The Great Humour, gives an interesting psychological and philogophical 
analysis of hig own fundamental emotional attitude towards existence. ' 

A bibliogrephy by K. Sandelin of all Hóffding's. writings of psychological 
interest will be found in the third volume of the Psychological Register. A 
bibliography by the same author. of all writings of Hofiding, and most of the 
writings about him, will be found in Harald Hóffding in Memoriam (Copenhagen, 
1932), which slso contains speeches about oe by E. Rubin, J. Jörgensen, 
V. Kuhr, and F. Brandt. 


Copenhagen > . : | Rs EpGAR RUBIN . 


Max won reg: 1852-1932 

Max von Frey, the sponsor of the classical theory of cutaneous sensibility, died 
at Würsburg on January 25, 1932, at the age of 79. He was born at Salzburg, 
November 16. 1852, & close contemporary of Stumpf, Ebbinghaus and G. E. 
Muller, but twenty years younger than Wundt. Von Frey went as a student to the 
universities of Vienna, Leipzig, and Freiburg, and was awarded the medical degree 
at Leipzig in 1877. In 1882 he was habilitated at Leipzig as Dozent in physiology, 
where the great Ludwig was profeasor, and he was made aussererdentlicher Pro- 
feagor in 1891. In these years his research had to do with the circulatory system, 
and he published three smell monographs on this subject-matter 1 in 1876, 1880, 
and 1892. 

Von Freys psychological interest in cutaneous sensation began in his later 
years at Leipzig. In 1894 he published Die Gefühle und thr Verhdlints su den 
Empfindungea, s twenty-four page brochure, in which he argued that sensory pain 
is the unplessantnese of feeling and that pleasure is not a fooling nor & sensation 
but the surcease of pain. 

It was at the game time that Von Frey published hia classical papers on 
cutaneous sensation. There were in 1894-97 four short notes, totalling fifty-two 
pages, in the Berichte der königlichen sächsischen Gesellschaft der Wissenschaft zu 
Leipzig, and zhe long paper on pressure and pain in 1896 in the Abhandlungen of 
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the same society.! It is here that he took over the discoveries of Blix and Gold- 
&cheider about the sensory spots on the skin, verified the results, established the 
lesser frequencies of Blix as against the greater frequencies of Goldscheider, set up 
pain as codrdinate with the other three modalities (pressure, warmth, and cold), 
invented the hair esthesiometer, showed that the true pressure stimulus is propor- 
tional, not to weight nor to pressure per unit area, but to pressure per unit of linear 
dimension of a small stimulus-surface, created from this finding the surface-tension 
theory of pressure-stimulation, noted the very exact relationship between the 
location of hairs and of pressure spots, and finally hunted and argued out a separate 
nervous end-organ for each of the four modalities (the free epithelial endings for 
pain, the corpuscles of Meissner and the free endings at the hair bulbs for pres- 
sure, the end-bulbs of Krause for cold, and the Ruffini endings for warmth). Not 
all of these findings were to remain accepted truth, and the correlation of cutaneous 
qualities with nerve-endings doubtless persisted much longer than it should solely 
because of the prestige of Von Frey.” 

It is not clear what turned Von Frey to sense-physiology. The atmosphere at 
Leipzig was more psychological than at any other university. Wundt’s laboratory 
was the psychological center for the whole world. Yet Von Frey never published 
in Wundt’s Philosophische Studien; nor waa he one of the psychological physiolo- 
gists of the camp opposed to Wundt and Leipzig—Kónig, Aubert, Exner, Helm- 
holtz, Hering, and Von Kries—who participated in editing the Zeitschrift für 
Psychologie.’ 

Von Frey went from Leipzig to Zurich as ‘ordentlicher Professor in 1898, and 
then a year later to Würzburg, where he remained the rest of his life. During his 
first decade at Würzburg he put out half a dozen papers, two of them with Kiesow, 
on the end-organs in the skin. He had acquired some interest also in the problems 
of cutaneous space, and with Metzner published his well-known study of the 
‘successive two-point limen.‘ Briickner’s study of the simultaneous limen also was 
made under Von Frey’s direction. In 1904 he issued his textbook, Vorlesungen 
über Physiologie, which went into a second edition in 1911, and into a third in 1920. 

During the last two decades Von Frey has been the author of almost two score 
of short papers on cutaneous, kinesthetic and organic sensations, their end-organs, 
and cutaneous space and movement. Almost three-fourths of these publications 
have been in the Zettschrifi für Biologie, and the whole group is almost unknown to 
psychologists. During all this time Von Frey maintained his original faith in the 

1The classical references may be given in full, since they seem not to be thus 


Ms in any standard secondary source: M. von Frey, Beitráge zur Physiologie 
Schmerzainns (1), Ber. d. kgl. sdcha. he. Gesell. 2 ed zu Leipzig, math.-phys. 
ma oh 4 iA idem (ii), tbid., 283-29 e zur Sinnesphysiologie der 
» 47. 1395 [595r 166- -184; idem uv), abi aT 49, 9, 1897, 46: 462-468; Unter- 
dude über. esfunktionen der ent ückem 
findung und at Abhandl. d. kgl. süchs. Gesell. 2 "Wise. i 1507 
phys. | 2^5 1896, 169-266. 
Dallenbach, The temperature spots and organs, this JOURNAL, 41, 


ni 
2 ns Von Frey could hardly have participated in the founding of the 
Zeitschrift in 1890, while he was known ‘only for research on the vascular 


system. 
. *M. von Frey and R. Metzner, Die Raumschwelle der Haut bei Successiv- 
reizung, Zach. f. Psychol., 29, 1902, 161-182. 
tA. TA. Brückner, Die Raumschwelle bei Simultanreizung, ihid., 26, 1901, 33-60. 
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punctiform distribution of sensory spots on the skin, and sought to show how 
. many percertual complexes were to be accounted for on this basis. Thus in 1923 
he contributad to the Festgabe for Von Kries a paper in which—since the Festgabe 
was an issue of the Psychologische Forschung—he most appeopriatay aligned him-. 
self with Ges:alt paychology.* .  . 

The Psychological Index lista 38 articles by Von Frey alone aud 14 more in 
which he collaborated with another author. Of this total of 52, there were 14 in 
the period 1894-1910 and 38 in 1911-1930. It is clear that the psychological 


po bibliography of Von Frey, the physiologist, is considerable. All these papers deal 


-with somestietic sensation and perception, except for one article on gmell and 
another on s&:eep. . In general, however, Von Frey lost contact with the psychologi- 
cal world. "Nevertheless the psychologists will honor his memory as the E. H. 
Weber of th» latter nineteenth century. ` No well educated. psychologist can-ever . 

' draw his per. across the back of his hand and feel the little thrills of cold without 

thinking of Yon Frey, even though m discovered the spots, even though there 
are no Krause end-bulbs there. " E.G.B. 


`. Von Frey, Über Wandlungen. der EmpHad bei formal- verschiedener - - 
Reino einer. Art von Binneenerven, Pejchol. Forsch., 3, 1923, 209-218. 
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BOOK REVIEWS 
Edited by Jo&gPm PxvERsoN, Peabody College 


Reflex Action: A Study in the History of Physiological Psychology. By FRANK- 
LIN Faarme. Baltimore, Williams & Wilkins Co., 1930. Pp. xiv, 350. 

In an introductory chapter, this general problem of the book is set: “Is the 
body animated by an immaterial agency, called ‘soul or spirit,’ or does it run 
like a machine, the functions of which are determined by the parts?” Thus to 
state the problem in terms of a dualism from which, by the way, the author 
never extricates himself, seems particularly unfortunate. A modern experimental 
psychologist would be embarrassed to choose between these alternatives, because 
both are obviously wrong. A scientist would prefer to remain uncommitted to 
any preconceived solution. The concept of reflex action, particularly as con- 
ceived by Pavlov, is at once introduced, since Pavlov’s “position is typical of 
current physiological theorizing," and some of the objections to this solution 
are briefly indicated. The current mechanistic-reflex theorizing regarding the 
nature of the higher integrations of animals and man is interpreted as “a reaction 
against the older dualistic and animistic conceptions involving mind, will, or any 
type of conscious process” (p. 3). The content of the volume and the statement 
that ‘The story of the development of the concept of reflex action and of the 
phenomena on which it is based, is the object of the present historical survey" 
(p. 7), show that the author is seeking to study the reflex mechanism in a very 
wide sense. But why then are such significant investigators as Cannon, Carison, 
Coghill, e al. omitted from modern contributors? If the present study is partic- 
ularly interested in how “the body (is) animated” what is the reason for the 
neglect of the work on autonomic mechanisms and activities? On the other 
hand, the old-time classifications of voluntary and involuntary movements are 
frequent throughout the book, and the author seems to identify the ‘involuntary’ 
with reflex movements. There is always a sort of implication that ‘voluntary 
actions’ are run by something else than a stimulus—e.g. by ‘consciousness,’ 
‘mind,’ or what-not. The author never refers to literature which attempts 
experimentally to throw light on ‘volition; nor does he attempt himself to clear 
up this unexplored something to which one class of actions is constantly referred. 
It is, of course, to be conceded that complete consistency and inclusiveness 
cannot be expected in a book like this one; but we intend here only to indicate 
what seem to be some weaknesses. Clear definition and distinction of terms are 
scarce indeed; and mysticism is an ever-present menace. 

After brief indications of some pre-scientific conceptions of neuro-musoular 
action, the author divides the historical development of the reflex are concept 
into the following stages: (1) the pre-scientific period, before the time of Des- 
cartes in the 17th century; (2) the speculative period, ending with the appearance 
af Robert Whytt'a book on the Involuntary Motions of Animals; (3) the period 
of nascent experimentation (1750-1831), ending with Marshall Hall's work on 
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the spinal zord reflexes, 1832; (4) the period of increasing knowledge of the 
structural components of the reflex are (1832-1906); and (5) the modern period, 
dating from the publication of Sherrington’s Integrative Action of the Nervous 
System. Developments in each period are treated in considerable detail. Chap- 
ters 2 and 3 on the 17th century developments have earlier been published in the 
Psychological Review and in this JOURNAL, respectively. Chapter 13, The Reflex 
Matntenance of Posture, has been published in the Journal of Mental and Nervous 
Diseases; chapter 14 on Motor Áutonomtsms and Reflex Actions, in the Psycho- 
logical Butetin; chapter 15, The Tendon Reflexes, in this JouRNaL. In passing 
over the fi7st two of these chapters, it may be relevant to ask the author's grounds 
for saying that “Descartes rejected Harvey’s conclusions regarding the circu- 
lation of tne blood" (p. 29), in view of his own statement that Harvey’s discovery 
was undecstood by those “whom the authority of the ancients had not entirely 
blinded." (B. Rand, The Classical Psychologists, 1912, p. 171). The localization 
of functicn in the nervous system is traced down through the 17th century from 
Thomas Willis (1621-1675), who elaborated the principles of mechanical action 
as stated by Descartes and assigned to the cerebellum the rather independent 
autonom.c and reflex functions (including the contributions of Robert Boyle, 
Perrault, and others who demonstrated the persistence of various vital functions 
after the destruction of the brain). Boerhaave indicated autonomic activities 
(‘habits’) “which taking their first action from the command of the will, do never- 
theless afterwards continue to operate in a manner as if it was spontaneously,” 
and “of which by continued use we are ingengible" [by no means the first recog- 
nition of such acts], thus enlarging the range of recognized ‘mechanical’ activities. 
To thes» the 18th century researches and speculations by Astruc of Montpelier, 
the first to use the term ‘reflex’ in 1736, Albrecht von Haller, Robert Whytt, 
who pacticularly demonstrated the reflex functions of the spinal cord, Hartley, 
La Mettrie, Unzer, and others added details as to specificity of functions and 
carried the mechanistic. movement to the point of inviting critical reactions 
against it. 

Other bodily functions and. reactions come in for consideration. Samuel 
Farr (1741~1795) suggested that, although as a “‘wise provision of nature" many 
activities did not require conscious guidance, the soul nevertheless was governor 
of the entire machine. The two Alexander Monros found that various actions 
of different levels of complexity could not all be accounted for “on the yet known 
principles of mechanism.” Then come the discoveries of Sir Charles Bell and 
Magendie, as to specific functions of the posterior (sensory) and the anterior 
(motor) spinal columns. As to claims of priority the author quotes statements 
which are, in agreement with Boring’s view (A History of Experimental Psychol- 
ogy, P930, p. 36), in favor of Bell whose general conclusion, says Boring, was 
arrived at in 1807. It is to be noted that Fulton, a physiologist, takes the oppo- 
site position in his Source Book of Physiology, 1931. “Though one hates to pass 
judgment upon claims to priority," he says, "one cannot doubt that Bell was 
dishonest and that the chief credit of elucidating the function of the posterior 
as well as the anterior roots belongs to Magendie.” It is unfortunate that this 
difference in opinion still exists. In considering the contribution of Johannes 
Müller and of Marshall Hall, on the elements of the reflex arc, Fearing charac- 
teriz2s Müller as dogmatic regarding "the mechanical aspects of the reflex act" 
and says that Müller “seems to have recognized the possibility of psychical activity 
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as a modifying factor in reflex action" (p. 145, italics mine). Modern writers are 
surely not forced to choose between alternatives like these in the reconciliation 
of historical contributions. A similar openness by the author to mystic factors 
as one of two alternatives is shown in his treatment of the controversy between 
Pflüger and Lotze. Nowhere can the reader find a clear definition of either of 
these factors or how it would operate in different degrees of uniformity of activity. 
Obviously some sort of clarifying criteria should be offered before the author 
could refer seriously to, or consider the “effect of concomitant psychical proc- 
esses on reflex action," . . . “the opinion that psychic forces might be set free 
in any part of the brain or spinal cord" (p. 165). The reader wonders how far 
he can rely on what purports to be an impartial consideration of the various’ 
sorts of historical and controversial data presented. 

In Chapter 12, The Inhibition of Reflex Action, the author recognizes the 
problem concerning ‘psychic forces’ as essentially one of the “‘modifiability of 
of reflex action,” seemingly because it has become in the latter part of the 19th 
and the first of the 2oth century so complex that no simple alternative can be 
presented; but one may well object when Fearing asserts that as against the 
crystallizing of problems of variability in psychology “around the concept of 
inhibition,” these problems relate themselves in psychology ‘to phenomena of 
attention and the effect of cortical or ‘voluntary’ processes upon concomitant 
reflex or involuntary activities’ (p. 187). The situation is not exactly thus in 
psychology; the alternative to ‘mechanical’ reflex is not still that of a baffling 
dualism. Fearing generally speaks of “the effect" (singular) when he refers to 
supposedly ‘psychic,’ ‘voluntary,’ and other mystic and ill-defined factors. 
These factors seem to him somehow to be unitary, and possibly arbitrary. To 
the reviewer it seems somewhat questionable also to refer to inhibition in general 
as negative response (p. 188), except from a particular standpoint to which an 
historical writer can hardly be limited. What are negative and what are positive 
reactions from the standpoint of the data on such theories of inhibition as the 
‘center’ theory of Setschenow, the ‘interference,’ the ‘metabolism,’ the ‘fefractory 
phase,’ the ‘drainage,’ and the ‘chemical’ theory traced in Chapter 12? The 
unfortunate statement regarding the refractory phase effect "that the subsequent 
stimuli find the nervous conductor in a state of lowered excitability (refractory 
phase) as a result of the preceding impulse and hence fail to ‘get through’ " 
(p. 198, italica mine), will not clarify the situation to the uninitiated. 

Following chapters 13, 14, and 15 (previously printed in journals), there is 
& final chapter on modern concepts. It contains a brief sketch of the expansion 
of the mechanistic physiology through Jacque Loeb, Bethe, von Uexküll, Pavlov, 
and others; and some indications are mentioned which, to the author, point to 
its decline. Fearing finds that in modern experimental work, the term ‘Teflex’ 
is undergoing a diversity of meanings and concepts and he classifies these con- 
ceptions of avenues of approach into rather similar classes, both for physiology 
and psychology, such as the mechanical approach, the specific approach, ete. 

Some general criticiams that one might make of the book are that references 
could have been put in the form of dates, 30 that the chronological perspective 
would at once be clear from the text without going to the bibliography at the 
end of the book; that foreign quotations be uniformly translated, etc. The 
reviewer's experience with American psychologists and graduate students in 
review work would indicate the desirability of translating at least all unambiguous 
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statements quoted from literature in foreign languages. There seems to be no 
advantage in such cases in maintaining the original untranslated statements of 
the authors. The style of the book is somewhat monotonous, and the author’s 
reactions are rather uncritical. Occasional obscurities and at least one mis- 
spelling (‘accomodation,’ p. 82) occur. J. P. 


Selected Readings in the History of Physiology. By JOHN FARQUHAR FULTON. 
Baltimore, Dharles C. Thomas, 1930. Pp. 317. 

In this skillfully organized volume Fulton, formerly Fellow of Magdalen 
‘College, Oxford, and now Sterling Professor of Physiology in Yale University, 
^ has broughs together s collection of readings intended to introduce the student of 
physiology at first hand to some of the great names and great experiments in the 
past and present of physiology. The volume is illustrated -with well selected 
portraits amd drawings. The whole collection is of real interest to any scientist of 
catholic taste, but as this review is intended mainly for psychologists it will limit 
itself for tke most part to an evaluation of those portions of the work whose con- 
tents are important for the student of physiological psychology. 


In the first chapter certain of Lawrence J. Henderson's views on the fitness of 
the enviromment are reprinted. The conceptions of this writer must always be of 
interest ta the theoretical psychologist. Passing over chapters 2, 3, and 4 on 
circulation, the capillaries, and respiration, we must note in the fifth chapter on 
digestion the excerpts from Pavlov’s The Work of the Digestive Glands and from 
Cannon’s 1898 paper, The Movements of the Stomach Studied by Means of the 
Rónigen Kays, which are, at least. by inference, important. 

The two chapters of the work previous to the final chapter are in the main 
significant to the psychologists, as they deal respectively with “Muscle and 
Periphera_ Nerves” and “The Central Nervous System.” | 

. In the first selection from Galen’s De motu musculorum, Fulton has chosen a 
passage which shows that this writer had already come to the conclusion that 
muscles can perform work only when they contract. The next selection is from 
William Croone (1633-1684), founder of the Croonian lectureship. In this Belec- 
tion Crocne who, as the editor says, “despaired of ever knowing how the soul 
acted upcn the body" held, admittedly as a speculation, however, that a liquid 
passing from the nerves into the muscles leads to their contraction. Certain of 
Willis’s v-ews on muscular contraction and Francis Glisson’s proof that the volume 
occupied by a muscle does not increase during contraction are presented. The 
views of the Scottish physiologist, Alexander Stuart, upon muscular motion, 
which are included, show that even in 1739 the view of reflex action, earlier pro- 
posed theoretically, had not yet been accepted in physiology. Stuart believed 
that when he forced a probe into the medulla spinalis the resulting motion of the 
limbs was due to the fact that fluid in the cord waa forced out through the nerves 
to the muscles, thus causing contraction. He further asserts that “voluntary 
muscular motion in a living animal is begun in the same manner, by an impulse of 
the minc or will on the animal spirits through the nerves, into the muscles.” A 
selection is next given showing Galvani’s fundamental experiment in electro- 
physiolozy. The remaining selections in this chapter are from the works which 
may be considered contemporaneous. These excerpts include Bowditch on the 


BOOK REVIEWS 591 


&ll-or-none principle of contraction of cardiac muscle, Fletcher and Hopkins on 
lactic acid in muscular activity, Lapicque on chronaxie, Forbes and Gregg on 
action currents of nerves which are brought into activity in reflex response, 
Pratt on the all-or-none law in muscle, Hill and Hartree on heat production in 
muscle, Kato on decrementJess conduction based upon studies in the narcotized 
nerve, Erlanger and Gasser on the analysis of action currents in peripheral nerve, 
and Adrian and Zotterman on adaptation and the results of stimulation of a single 
receptor by a natural stimulus. 


In the chapter on the central nervous system, the first section, after the able 
introduction by the editor, is a translation from Descartes on his views of reflex 
action and reciprocal innervation. The Edinburgh neurologist, Robert Whytt, is 
represented by an excellently chosen excerpt which shows his conception of reflex 
action. The next selection is from Prochaska, who, as the editor says, “occupies 
an important position in the history of psychology for his introduction of the 
conception of & 'sensorium communi’—that region of the central nervous system 
which ‘reflects’ to the motor nerves the sensory impressions received by the brain." 
Alexander Walker, from whose excellent translation the selection by Prochaska is 
taken, occupies a strange position in the history of the development of the knowl- 
edge of reflex action. This is deftly indicated by the editor in & few introductory 
sentences and in a short quotation which shows Walker’s strangely true and yet 
strangely false view in regard to the anatomical basis of reflex action. 

In introducing an unusually long selection from Sir Charles Bell’s Idea of a 
New Anatomy of the Brain, Fulton states the opinion upon the Bell-Magendie 
controversy that, ‘Though one hesitates to pass judgment upon claims to priority, 
one cannot doubt that Bell was dishonest and that the chief credit of elucidating 
the function of the posterior as well as the anterior roots belongs to Magendie.” 
From Magendie himself is a well selected and important quotation which also 
bears upon the question of the function of the roots of the spinal nerves. Herbert 
Mayo, whose work, in the opinion of the editor, marks a true advance in the his- 
tory of reflex action, is also represented by two significant paragraphs. Flourens 
is quoted on the physiology of the cerebellum, and Marshall Hall’s most important 
contribution on reflex motions that are ‘independent of sensation and volition” 
is next chosen. After this follow selections from Ernst Heinrich and Eduard 
Friedrich Weber on vagus inhibition of the heart, Brown-Sequard on the functions 
of the spinal cord, Ferrier on the localization of cerebral function, Sherrington on 
correlation of reflexes and the principle oi the common path, the proprioceptive 
system, and myotatic reflexes, from Harvey Cushing on the human motor cortex, 
and from Rudolph Magnus on animal posture. The last chapter of the book 
deals with certain miscellaneous contributions to physiology. 

The bringing together of a work of this sort is a notable service. Beginning 
students too often loge sight of the deep roots of present knowledge. It seems 
hardly open to question that there is no way in which the student of any science 
can adequately comprehend the full significance of present conceptions if he is 
ignorant of the process by means of which these conceptions evolved to their 
present form. 


Brown University LEONARD CARMICHAEL 
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Psychopaystology, II. Sensation. By LgoNanmp T. Teorann. New York, 
D. Van Nostrand Co., 1930. Pp. xvii, 397. 


This is tae second volume of the author's projected tetralogy on the facta and 
theories of Psychophysiology, the ‘science which endeavors to ascertain the laws 
that link consciousness or immediate experience with the variables and phases of 
(neural) response.’ The first volume, it will be recalled, dealt with the general 
problems of psychology, and included a treatment of perception (the relationship 
between consciousness and the objective world). The second volume treats of 
the problems of sensation (the indirect relationship between experience and the 
afferent arc, beginning with the sense-organ stimulus and ending at the sensory 
projection areas of the cortex). The author has provided skillfully for the over- 
lapping of shese two fields by adding to the later volume an appendix of ‘notes’ 
in which sre reproduced necessary sections of the first volume—a procedure 
which enhences materially the value of the book. 


Although ‘‘Psychophysiology” has been selected as a group title for the entire 
series, intimate acquaintance with the contents of the present volume will con- 
vince the reader that the title is in this case a misnomer, and that 'psycho-bio- 
physics’ weuld have been a much more accurate description of the author's point 
of view. There is little of physiology in his treatment of the various departments 
of sensation, and, indeed, one feels that the psychological aspects are secondary; - 
in the chapters on vision and audition especially, the approach is always from the 
gide of biophysics, and the author’s interest lies plainly in a correlation of physical 
stimulus and experience. This method of approach may be irritating to some 
readers, ard they may find still further cause for dismay in the author’s apparently 
ready and uncritical acceptance of results reported by Hecht, Fletcher, et al. 

One may say without hesitation that Troland’s volume, regarded as & whole, 
is an accurate digest of most of the more important experimental facts. and 
theories ir. the realm of sensation, taken from the point of view just described. 
Troland makes an attempt to arrange the facts of the several departments of 
sensation under the categorical headings, Component Sensation, Composite 
Sensation and Temporally Conditioned Sensation. In this way he obtains & 
parallel structure which is followed with profit through the various sensory de- 
partmentz; it is never rigid, and, when necessary, it is sacrificed for the continuity 
of the treatment. Troland’s style is labored only at rare intervals, but he pro- 
ceeds from point to point with a speed and a presupposition of background- 
knowledgs which may well leave the untrained reader breathless. The book is 
patently :ntended for his colleagues and for their more advanced students, and 
by them it will be received as an important addition to their libraries. 

The ovening chapter (XIIT) deals with ‘The Concept of Sensation.’ Ita first 
section serves to define the term after a brief historical survey; this is followed by 
a section on the subdivisions of the afferent arc. A succeeding section follows 
Nernst, Lillie, Lapicque, Lucas, Adrian, and others in formulating a theory of 
permeability and polarization of nerve in terms of which the author can explain 
the more important phenomena of nerve action. 

Chapzer XIV undertakes a survey of the experimental and theoretical in- 
vestigations of visual sensitivity. One is shocked to read a treatment of the 
‘psychopaysiology’ of vision which contains a dozen references to Hecht, but 
none to G. E. Müller and Ferree, and only very casual references to Hering, 
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Helmholts, and Von Kries. Does this mean that the work of these investigators 
is to be included among the scientific ‘duds’ which the author warns us he will 
omit? Following the general plan of arrangement described earlier, Troland 
treats the stimulus, the refractive, and the neurological relationships of brilliance 
and of chroma (this latter term being used as a synonym for chromatic experience). 
The chapter concludes with a section on binocular sensory relationships. It is 
eclectic in point of view, and the author presents the more important visual 
theories, although it is apparent that he inclines toward a modification of Hecht’s 
general theory, together with a color-theory which adapts the Helmholtzian 
interpretation to modern knowledge of nerve action. Troland’s discussion of the 
classical visual theories is brief to the point of curtness, and it is perhaps this 
brevity which makes his style labored at times in comparison with the lucidity 
of the preceding chapter. 

The chapter on auditory sensation also is written from the biophysical point 
of view, and it follows his general plan of classification. It will be a singularly 
disturbing piece of reading to those who find Fletcher’s methods inadequate, for 
Fletcher it is who serves as the guiding genius of this chapter. On the theoretical 
side, Troland leans towards a pressure-pattern theory in which pitch is represented 
by impulse-frequency along the nerve path and intensity by total number of 
pulses per second whether due to number of paths or frequency of impulse. 

Succeeding chapters deal with facts and theories of taste, smell, cutaneous, 
kinesthetic and organic sensitivity, and are more nearly ‘psychophysiological’ 
in flavor. The author shows no acquaintance with the negative results of the 
more recent investigations of Von Frey’s correlation of cutaneous experience with 
receptor and he presents this correlation without adverse comment. For some 
reason, he makes no reference at all to Boring’s classic investigations of internal 
sensitivity in his chapter on organic sensation, and neither of his volumes affords 
an adequate presentation of the better-known facts of composite tactual sensation. 

A more detailed review might list additional sins of omission and commission 
and might include a criticism of Troland’s translation of various German terms; 
but such a review could not detract from the importance of the contribution 
Troland has made in this volume. As a concise, accurate and well-documented 
textbook of the biophysical background of experimental psychology, it leads one 
to anticipate with high hope the appearance of the author's succeeding volume 
on cerebration and action. 


Cornell University l JouN G. JENKINS 


Human History. By G. Eror Suara, New York, W. W. Norton & Co., 
1929. Pp. xviii, 472. 

The book relates man to his primate ancestors, describes the fossil remains of 
early specimens of Homo, recounts the primitive industries, distinguishes the 
great racial migrations, describes the dawn of human civilization in Egypt, and 
traces the main stages of development in Asia, Crete, and Greece, telling the 
story of how “mankind acquired culture and with it social unrest, dangerous 
practices, and methods of cruelty." 

The author approaches human history as an anatomist. He writes “in a 
scientific laboratory where the principal device for the study of mankind is the 
process of dissection." But since the “true study of mankind” must look to 
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“the thoughts and feelings that provide the motives for men’s behavior,” the 
history is more than an &ocount of the body and of its organic functions. It is, in 
part if not in essence, peychological. 

Smith's theory of human derivation, with its emphasis laid upon cortical ex- 
pansion and efficiency of the receptors, has been elaborated in earlier works. 
Except for tke author's insistence upon certain early Tarsioids in the ancestry, 
the theory is commonly held by anthropologists. Little is added to earlier writ- - 
ings in the present genecal exposition, where the author's main concern is to de- 
velop the doctrine that man endured, with but little modification, for hundreds- 
of-thousands (possibly millions) of years “decent, generous, and peaceful" and 
wanting any of the “cusioms, beliefs, arts and crafts, social and political organiza- 
tion. of civilization." Fcr this view and for the materials supporting it, Dr. Smith 
makes a heavy acknowledgment to W. J. Perry, the author of The Children of the 
Sun and othe- studies of early civilizations. It cannot be said that the anatomical 
method has here added much to our lean information upon the actual behavior 
and accomplahments of early man. Smith depends (as other anthropologists 
have) upon tools and cther artifacts and upon the want of evidence of social 
living. He finds primiive man but slightly inventive and explains the wide 
spread of common implements and other cultural products as due to diffusion 
throughout tie earth. =e has no working scheme of the psychological functions 
of primitive man to leac him toward & plausible depiction of this primate’s daily 
life. Insteac he makes use of the assumption that man’s final approach to a 
civilized stats arose from his “endeavors to understand the constitution of his 
own body and to preserve the life that animated it.” This studious lust in man, 
fed by an irstinct for self-preservation, suggests a sophistication among the 
Egyptians of about 4002 5.0., for which the dull and peaceful ploddings of pre- 
ceding milleria do not seem to prepare either Ern man or the reader of 
Human Hisicry. 

The Histcry contains a great deal of substantial and orderly knowledge about 
early man. It may weil be read by the layman along with E. A. Hooton’s Up 
from the Ape (1931), an entertaining and dependable account, written in terms of 
physical antropology, of primate history and of the place therein of the various 
species of Man. 

The new arguments adduced for the Golden Ape of pre-civilization must be 
left to the etanologist and the psychologist. It is a striking fact that the family 
(the only_really primate and primitive form of organization allowed by Elliot 
Smith) should be made the locus of primaeval ‘decency, generosity and peace’ just ` 
at the time that it is being made, as a part of the battle of the sexes, the main- 
seat and occesion of disorder, maladjustment, and psychotic disease. 

Cornell University _ Mapison BENTLEY 


Lhallucir.ation: Études cliniques. By PregRE Quercy. Paris, Félix Alcan, 
1930. Pp. 559. 

This large volume, which is crammed with references to old and recent works 
dealing in amy way with the subject, e.g. Descartes, Spinoza, Baudelaire, Müller, 
Sidis, Jaensch, Urbantschitech, Rouhier, Rothschild, and Wheeler and Cutaforth, 
could have been condensed into about half the present compass with profit to 
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the author's thesis. The thesis is that genuine hallucinations exist, meaning by 
hallucination a full sensory experience in the absence of any external object to 
grouse it. His proof (aside from affirmations of hallucinated persons—írom 
common dreamers to St. Theresa) consists in trying to show, in separate chapters, 
that illusions of proof-reading, synesthesis, sensitivity in an amputated limb, 
after-images, eidetic images, virtual images, dream experiences, alcoholic hallu- 
cinations, peyotl experiences, and the classical auditory hallucinations are all 
links in a chain, which, in spite of analysis, in spite of large concessions made by 
those who claim to be hallucinated, has in every link an irreducible sensory 
content even without any object to arouse a sensation. This sensory content 
“without object,” being an integral part of all perception, makes hallucinations 
out of all perceptions. Quercy thus turns the tables on those who seek to outlaw 
hallucinations as mere images, beliefs, projections, or actions ''as if hallucinated." 

How is an hallucination possible? His answer is “in the absence of the 
object, the movement which has made an image out of the perception can repro- 
duce itself in the inverse direction, and resuscitate the perception, identical 
with what it has been under the shock of the object, with what it would be if the 
object were present" (p. 12). Another correlative explanation is based on the 
theory of primary and secondary qualities, or elements. The primary sensory 
elements demand the presence and the action of the object, while the secondary 
sensory elements, "constitute the essence of bona fide perception," and “are 
already hallucinatory, if they detach themselves from the primary sensory core." 
They constitute “the classical hallucination.” “Detached by sickness or by a 
dream from their normal, primitive, sensory element, any secondary group 
might associate itself with any primitive group, sometimes with unconscious 
groups; a lesion of the pharynx, of the ear, of the eye, of the viscera, any of these 
could give the unknown primitive sensory core of an hallucination. As it asso- 
ciates itself with another primary core, with a convenient and adequate primary 
group, and without having changed, it would be a legitimate perception" (pp. 
35-36). “Our perceptions of red, of the third dimension, of ambiguous perspec- 
tives, and of the insults of a non-existent persecutor all possess, in spite of the 
growing charge of interpretation, the same rights to be called perceptions, sensa- 
tions, esthésias, and the same rights to appear as such to us when we undergo 
them” (p. 494). 

As seen above, although he bases his argument upon them, the author misin- 
terprets and misapplies the processes involved in the perception of color, of 
ambiguous figures (e.g. cubes), and virtual images. Contrary to his contention, 
there 1s something objective, and something different for different colors, when 
one sees red or green; there is a perfectly clear physical explanation, as well as 
& real physical cause, when one sees & virtual image in & mirror; and far from 
the ambiguous cube’s giving “more than it has, being this incomplete and poor 
object" (p. 510), it is richer by just two lines than the same sort of skeleton draw- 
ing of a bona fide cube. 


As one might expect, the line the author has taken leads close to, or into, 
obscurantiam. ‘The visionary claims to see and to hear sights and sounds as 
legitimately as we see tonight the multi-colored and changing after-image of a 
flame. . . . To what degree of absence, and why to this degree of least presence 
ought one to say that the object is too much absent to be perceived? When is 
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the percepticn too indirect to be possible? When is the perception that has no 
immediately present object so unusual that one can contest it and cry to the | 
subject: ‘You have only the behavior of perception’? When on the contrary 
do the perceptions without present objects, if their victims persuade us, become 
sufficiently veridical—(esthésique)—and consequently formidable, in dreams 
and hallucinetions, to counterbalance the ordinary perception and to render the 
universe doubtful?” (Pp. 26-27.) 

This book is mainly a philosophical treatment of the subject. Its value for 
psychologists lies in its mass of references to and quotations from others’ obser- 
vations, in its reports of experiments on eidetic imagery (negative results with 
200 children) and in its details of self-observations during alcoholic hallucinations, 
peyotl intoxication, and self-study of after-images. A good many clinical histo- 
ries of hallucinations are also given. There is no index. 

Louisiana State University PAUL CAMPBELL Youna 


Nouveau aité de psychologie, Vol. 1. By Goran Dumas. With the col- 
laboration of C. Champy, A. Lalande, L. Lapicque, R. Perrier, P. Rivet, A. 
Tourney, H. Wallon. Paris, Félix Alean, 1930. Pp. 425. 


The nine-volume revision and enlargement of the two-volume Traité de 
Psychologie, edited by Dumas and published in 1923 and 1924, promises to be a 
valuable source book. The volumes are to cover most of the major fields of 
contemporary psychology. 'The present (first) volume comprises several chapters 
of introducto-y material from allied sciences and two chapters dealing with the 
general problams and methods of psychology. The following six volumes are 
designed to present the main facts of normal psychology, while the final two will 
be devoted to the approach to the science through the medium of the pathological. 
` Since a good deal of traditional French psychology has been biased in the direc- 
tion of the pHilosophical disciplines, it is interesting to note that the present work 
is ruggedly empirical in its approach. The general point of view as stated in 
the introductory chapter, written by Dumas himself, is catholic throughout, 
with the emphasis rather upon the statement of ascertained fact than upon 
the discussion of theory. It is evident too that the editor is opposed to the restric- 
tion of the subject matter of psychology to those facts which fall within the 
limits of what has been conventionally called experimental psychology. 
Psychology fcr him is “a science in which introspection plays an essential pre- 
liminary rôle in the description of facts and the analysis of mental mechanisms, 
in which biolcgy and sociology study the biological roots and the social evolution 
of the mental functions, and in which pathological psychology, psychopathology 
and neuropathology make their invaluable contribution through the analysis of 
sensory-motor and mental disturbances and the cerebro-organic conditions which 
underly them " In keeping with this point of view, fully one-fourth of the work 
is to deal with the biological bases of psychological phenomena. In general one 
gathers that the order of the topics will follow approximately that of the older 
Traité. 


Of the eight chapters in Volume I six are non-psychological. The titles of 
these are: Ths Place of Man in the Animal Series, The Data of Anthropology, 
The Physiology of Age and Sex, The General Physiology of the Nervous System, 
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The Special Physiology of the Nervous System, and The Biological Problem of 
Consciousness. Of these, the chapters on anthropology and the physiology of 
age and sex are new, while the others, although present in the older work, have 
been either revised or entirely rewritten. The various articles are without 
exception clearly written and well illustrated. Of special interest to an increasing 
number of American psychologists is an excellent summary by Lapieque of 
most of the important work on chronaxy. 

Cornell University R. B. MacLzop 


L'hallucinaiion: Philosophes et mystiques. By Pirenea Quaeroy. Paris, Félix 
Alcan, 1930. Pp. xxvii, 381. 

In his introduction Quercy contends that a number of speculative philosopher: 
from Plato to Bergson have been considerably more concerned with hallucina 
tions than with perceptions or images. The treatise proper is divided into two 
parts, the first a review of the writings of Spinoza, Leibniz, Taine, and Bergeon, 
pertinent to imagery, hallucination, and perception; and the second, a psycho- 
logical interpretation of the hallucinatory experiences of Sainte Thérése. The 
hallucination according to philosophers and mystics is thereby contrasted with 
an appended note as to the view of a theologian (Gergon). 

Part two, an attempt to clarify our concept of the hallucination by reference 
to a life full of them, started with the citation of a dispute as to whether Sainte 
Thérèse owed her fame to her neuropathological state, or whether her occasional 
lapses had nothing to do with her visions and writings. The general conclusion 
to a discussion of her symptoms of hysteria, sexual frigidity, and other alleged 
psychopathological conditions seemed to be that she was but slightly if any 
different from what might be expected of a woman with her interests and ability. 

While the first part of L’hallucination summarized well the contributions of 
- certain philsosphers to our understanding of the word, part two impressed the 
reviewer as being fruitless. It does not appear reasonable that any psychological 
phenomenon can be made clearer by reference to its manifestations in a life 
that ended almost 400 years ago. Likewise, the practice of establishing the 
reality of an individual’s experience by reference to his own writings is hardly 
to be commended. Quercy’s book is interesting chiefly as an historical approach 
to what has been at best a cloudlike concept. 

DePauw University " . BrgPHEN M. Corry 


Brain and Mind. By R. J. A. Berry. New York, The Macmillan Co., 
1928. Pp. 608. 

The major portion of the book is concerned with (1) the phylogenetic develop- 
ment of the human nervous system considered first as a whole and then later 
with reference to ita well defined divisions; (2) the gross and minute anatomy 
of the major portions of the human brain; and (3) the available knowledge as 
to the functions of these portions. A systematic presentation of the materials 
is accompanied by 131 figures. The treatment of the autonomic nervous system 
both in the text and in the illustrations is exceptionally clear. The exposition of 
the phylogenetic and anatomical material is gimple, direct, and admirably suited 
for beginning students in neurology. 
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The minor portion of the book is avowedly psychological in nature, presenting 
two concepts in partioular; (1) the familiar thesis that the neuron is the unit of 
mind, and (2) a technique for mental examinations in which physical and mental 
measurememts are combined. The psychologist will find little new in the argu- 
ments supporting the first concept. These arguments would support no theory 
that any mental disorder exists for which there is not & cerebral insufficiency 
of some 8&Or^. 

The clirical psychologist would be skeptical of the relationship assumed to 
exist between the anthropometric scores and mental ability. A review of the 
clinical cases given in a concluding chapter would appear to show that when the 
physical measurements support the mental tests (Binet and Porteus) they are 
pertinent; when they do not, they are meaningless. 

Exceller:t percentile tables for ages 7-19 yr. and for adults are given for the 
following 1reagurements: brain capacity, standing stature, sitting stature, bodily 
weight, grid, and vital capacity. Percentiles are given separately for the two 
SEXES. 

The reserences cited are lacking significantly in those of a psychological 
nature. 

University of Utah Donoruy NYSWANDER 


Essentials of Psychology. By W. B. Putssury. Third Edition. New York, 
The Macmillan Co., 1930. Pp. ix, 466. 

In this second revision the greater part of the book has been rewritten, but 
the genera! outlines of content are preserved as far as compatible with recent 
developmeats in psychology. Psychology is now defined as “the science of 
behavior and of the knowing functions of man" (p. 2). This definition frankly 
avoids the controversies concerning mind and consciousness and recognizes that 
psychology now covers a broader field than mere conscious behavior. Pillsbury 
finds introspective as well as objective methods possible because one does not 
actually observe one's own act while it is going on, "but examines it a moment 
later in memory" (p. 3). The use of the test method in practical applications of 
psychology is now recognized. Modern work on cerebral functions, on the 
refractory phase, the all-or-none law, as well as that by the Gesialtists, eto., is 
briefly indicated, and some of the recent experimental results on the senses, the 
emotions, etc., are given. Helmholtz’s resonance theory of hearing, though 
favored, ie erroneously stated in regard to several details, and much of the best 
recent obj2ctive work by several authors is omitted. The old dimensions of the 
basilar membrane remain as well as the earlier view of Helmholtz, that the fibers 
vibrate individually, and objections to the theory on these erroneous data and 
views are stated as of old. The treatment of instincts has been revised and 
brought forward to constitute chapter 4, under the caption, The Native and 
Acquired Factors in Behavior. Here there is some admission of innately deter- 
mined strictures, but the specific developments in activity trends are due to 
environmental factors, except for the effects of ‘selection’ in the terminal move- 
ments, i.e types of satisfaction or dissatisfaction which accept or reject. On 
this basis we still have collection, workmanship, fears, laughter, racial, parental, 
and socia. instincts, and sympathy (‘suffering with others’). Instinctive acts 


BOOK REVIEWS 599 


and acquired acts are only relative divisions; ‘instinct’ is limited to ‘drive’ and 
to selection; but learning, as referred to in this chapter and discussed in the 
next two chapters, is still the result of repetition of acts ‘stamped in’ by pleasure 
or native selectiveness. The book continues to emphasize results and theories 
rather than scientific methods of investigation, and references are only to books. 
A final brief chapter sketches the general outlines of the genesis of psychological 
‘schools.’ 

The author's clear, direct style is a real joy to readers, but the method of 
the book is rather to impart information than to arouse problems and stimulate 
investigations. The new edition has several merits as an elementary textbook. 

. J.P. 

Handwörterbuch der psychischen. Hygiene und der psychiatrischen Fursorge. 
By O. Buuxxz, G. Kors, H. Roemer, E. Kann. Berlin, Walter de Gruyter & 
Co., 1931. Pp. vi, 400. 

This work ought to prove to be a very serviceable handbook on mental 
hygiene, especially from the psychiatric point of view. It is alphabetically 
arranged and contains both a table of contents which conveniently lists the 
author of each article and a detailed index of authors cited and items. At the 
end of each article comprehensive bibliographies are appended which cover such 
subjects as alcohol and ita effect, the hygiene of industry, marriage and eugenics, 
the care and therapeutics of various types of mental and nervous diseases, 
psychoanalytic treatments, the biology and psychology of criminals, the crimi- 
nally insane, and & very able summary of the whole subject of psychotherapy. 
The questions of suicide and of a wholesome philosophy of life are conveniently 
and comprehensively treated. The bearing of spiritualism and mystic approaches 
on mental health are also given. There is helpful material on statistics, various 
laws concerning insanity and the traffic in opium together with a rational expo- 
sition of methods of training in nutrition, and clothing and its relation to a proper 
bodily development. These subjects are samples of many others which are like- 
wise treated with a minimum of emphasis on theory and hypothesis and a maxi- 
mum of experimental orientation. Numerous tables are available but outside 
of a few diagrams and graphic figures there are no illustrations. The reviewer 
hopes that this clearly written and conveniently arranged handbook will soon 
be translated for the use of English-reading psychologists and psychiatrists. It 
certainly should be included in the libraries of our psychopathic institutions and 
be individually available to social oe and practitioners in the field. 


University of Iowa CHRISTIAN A. RUOKMICK 


Culture and Progress. By Witson D. Wars. New York, McGraw-Hill 
Book Co., Ino., 1930. Pp. xii, 503. 

This large volume is devoted to a critical survey of culture and progress 
from a broad historical approach and with a view to throwing light on con- 
temporary society. Some of the leading problems considered are: culture areas 
and traits, their origin, nature of development and spread, theories of progress, 
and the criteria of progress. The author attacks with vigor and confidence 
many generalizations put forward by different ‘schools’ of older anthropologists, 
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geveral of waom are still important contributors to anthropology. The concep- 
tion of ‘culture areas,’ as is well known, has spread widely of late not only in 
anthropology but also in sociology and biology. “While much of the aboriginal 
world can b» divided into culture areas, there is little information with regard 
io some large ethnological areas." Several conclusions which are justified by 
present information are given on page 10 ff. We can indicate some of them only 
briefly: A culture is unique; but it does not travel in toto into other culture 
areas. It becomes modified, each culture influencing and becoming changed by 
other cultures with which it comes into conflict. One culture does not supplant 
another, but certain culture traits even flourish better in new than in their 
native soil. The traits comprising any culture are so interrelated that innovations 
affect the entire culture complex. Individuals participate to different extents 
in any present culture, and when “allowance is made for the more limited range 
of tribal culture the individualities of men in primitive life are perhaps as marked 
as those of sivilized men" (p. 12). Illustrations, but no adequate statistical 
data, are given to support even this last statement; because, apparently, such 
data in “numerical results" are mistrusted (p. 45) as being often used to justify 
foregone comlusions. Sapir’s principle of ‘necessary connection’ or ‘necessary 
presupposition’ as to priority of culture techniques and the principle used by 
certain archeologists in developing an historical perspective of the development 
of art; name.y, that the extent of distribution of any culture is positively corre- 
lated with its age, are challenged. Often (e.g. in modern times) the reverse is 
what actually occurs. The view that culture is centrifugally diffused is ques- 
tioned on the basis of history. In general, the historical reconstructions of cultural 
developmenta when based on ‘principles’ of priority of different cultural traits 
as inferred Ly ethnologists rather than from close knowledge of actual history 
is strongly condemned as the construction of mere ‘gardens of Eden.’ 

This definition of progress is finally arrived at: ‘Progress consists in per- 
forming a fcnction with ease or with greater proficiency or efficiency, and in 
doing something desirable" (p. 428). The measure of the degree of desirability 
is admitted to be an especially difficult one, and the author's suggested criteria 
are not free from subjectivity, but, at least, broad circumstances must be con- 
sidered in evaluating desirability. When Wallis argues for the uniqueness of the 
culture of ary civilization or of all historical induction as merely the summary 
of what has taken place—as opposed to considering different changes as due to 
‘inexorable lews of nature’—he presents an argument that can aa well be applied 
to the development of any individual; and he seems to be regarding mind, in 
the development of cultures, as an arbitrary factor. Certainly, some generaliza- 
tions are helpful, even though they do not seem to apply universally in our 
modern world. Several such generalizations on progress, as Wallis indicates, 
have evidently been based on insufficient and old data, and have disregarded 
concurrences of numerous elements of progress in our period. ‘Uniqueness,’ 
however, is & conception that needs careful examination. The uniqueness of a 
civilization, cay of Greek civilization, certainly does not make the entire complex 
so unrelated to all other events as to make it non-predictable. Uniqueness is 
not a scientifc conception. The question is always one of degree of predictability. 
Uniqueness coes not imply total discreteness; it should probably not be used in 
an absolute sense. The author’s collection of data on the details of the phenomena 
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of progress is valuable, but one wonders what degree of reliability and of selective- 
ness is possessed by his numerous citations and quotations. Certainly a number 
of the references, well-known to the reviewer, could not stand without question 
in this regard. . 

JP. 


Abstracts of Theses, The University of Chicago: Humanistic Series, Vol. 7. 
Chicago, The University of Chicago Press, 1930. Pp. xiii, 712. 

This volume includes the abstracts of theses submitted in the year September 
1928, to June 1929, in the Graduate School of Arts and Literature, the Graduate 
Divinity School, the Graduate School of Commerce and Administration, and the 
Graduate School of Social Service Administration. The departments in these 
schools which are probably of most interest to psychologists are represented by 
abstracts as followa: philosophy, 2; psychology, 10; education, 17; economics, 4; 
political science, 2; history, 14; sociology, 6; anthropology, 4. In all other depart- 
ments there are 50. There are thus in this volume alone, disregarding those in 
the Science Series, Vol. 7, for the same period, abstracts of 109 Ph.D. theses,— 
quite an interesting and illuminating condensation of researches in many lines 
of work bearing directly on human behavior. Six of the psychology theses have 
already been published—either in full or in abridged form—in well-known 
periodicals. 

As to the others, one, by C. W. Brown, found on rather small groups of 
graduate and college students (1) that retention of paired nouns is a function of 
their (estimated) frequency of occurrence in past experience; (2) that the reten- 
tion of any given words arranged in meaningful relation with other words is a 
function of possible words conforming to this relation and varies inversely with 
the numbers of these possible words; and that (3) conceptual systems markedly 
strengthen the retention of elements in the different classes of objects, even 
against the influence of other, older principles of learning. Marion: Monroe 
found, from 1612 drawings produced under controlled conditions by 134 children 
(ages 2 to 5 years), a correlation of 0.66 between assigned drawing scores and 
chronological age, and of 0.68 between the drawing scores and Stanford-Binet 
mental age. When mental age was held constant statistically in the first case 
and age in the second, the correlations were 0.24 and 0.31, respectively. Color 
preferences of the children were also obtained by different rather natural means 
in their play. Yellow was consistently preferred by the 2-yr.-old children and 
red by the 3- and 4-yr.-olds. Yellow decreased and red increased in preference 
with age; green and blue likewise increased, the green more consistently. Bright- 
ness and saturation differences were, however, algo effective factors in influencing 
preferences. The order in which the names were assigned correctly to the colors 
used was blue, red, green, yellow. The difference between the first two of these 
was slight. Loh Seng Tsai found the gradual withdrawal of guidance in maze 
learning by rats to have no advantage over abrupt withdrawal. Several different 
methods of attack on the problem were used and blind-alleys were closed for 
‘guidance.’ Georgiana Elnora Wylie found on 162 college students, by & variety 
of procedures, that the learning of “a series of twenty-four lists of items" was 
more effective by the whole than by the part method when both methods were 
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equally practiced. No reliable differences in retention were obtained. Practice 
effects, differences in ability in the sort of memory involved, etc., were controlled. 

Data for accurate statistical comparisons are not available in these abstracts 
but are probably obtainable by anyone desiring them. Several abstracts in 
other depertments deal with aspects of psychology. The entire volume is well 
worth goirg over with care by readers interested in psychology. A new volume 
isto appeer every year. 

Je P. 


Types of Men: The Psychology and Ethics of Personality. By EDUARD 
SrRANGER. Translated by Paul J. W. Pigors. Halle (Saale), Max Niemeyer, 
1928. Pp. xii, 402. 

This book lies in the borderland between systematic psychology and ethics.. 
Spranger is best known for his theory of personality types, but the present 
volume deals with this problem and the application of his categories of personality 
to problems of ethics and history. 

The book is divided into four main sections. The first deals with the philo- 
sophical tasis. For Sprenger psychology must be more than a study of physio- 
logical refexes. The individual can only be understood in terms of meanings and 
values which rest in a configuration of culture and universal psychic elements. 
His primary interest is to work out the more general forms or types of personality. 
Historica! backgrounds are for his purpose incidental. As he puts it, “The 
constant zomplication of historical relations obstructs our vision of the funda- - 
mental pure structures.” 

The s2cond section deals with these ideal basic personality types or “atti- 
tudes." There are six of these: the theoretic, the economic, the aesthetic, the 
social, the political, and the religious. 

The pure theorist is an intellectualistic egoist. He is coldly objective, logical, 
thorough y scientific. He tends to escape the world of facts in his intereat in 
the purely conceptual structures which he builds. The economic type, on the 
other hand, is controlled by utilitarian values, by an intense desire for self- 
preservation. Work, steadiness and the virtues of material success give the key 
to his va-ues. 

In the aesthetic type art furnishes the fundamental “‘meaning-direction” in 
life. Feelings, sensations, and concrete perceptual experience constitute the 
foundation of his values. ''"The aesthetic formation of existence is only possible 
if one lores the human, all too human, if one also loves the ‘veil of Maya’ and 
finds in ene’s passions, joys." Form and beauty constitute his basic values. 

The social type is dominated by “the value affirming interest in another 
being and the taking-the-place-of-another" or sympathy. Love of others rather 
than love of self is the fundamental motivation. In contrast stands the political 
type which is characterized by the eraving for power, for egocentric control of 
others. ‘‘Power is thus the capacity and (usually) the will, to posit one’s own 
value direction in the other, either as a permanent or a transitory motive.” 
Leadership, however, demands self-control if it is to be most effective. 

For 3pranger, however, the religious type has the greatest merit. This 
attitude finds ita deepest meaning in the totality of life. “God is the objective 
principle which is thought of as the object of the highest personal value exper- 
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ience.’ And “a religious man is he whose mental structure is permanently 
directed to the creation of the highest and absolutely satisfying value experience." 
Morality then becomes the “harmony of the individual with the highest world- 
meaning which he is capable of grasping." This means, of course, that the 
religious type goes beyond perceptual experience and, moreover, must infuse 
his conceptual world with divine meaning, for “anyone who can no longer call ' 
& God his own gives himself over to the devil." 

The third part of the volume treats the consequences of these six-fold types 
for ethics. There are many one-sided systems of ethics which must give way to 
a morality in which the collective duties are correlated with personal or individual 
aims in & hierarchy of values in which the religious attitude stands supreme. The 
latter resta upon the highest development of personal idealism in which all other 
attitudes are subordinate to the absolute standard that transcends time and 
circumstance. l 

At the outset of the final section the author points out various complexities 
which arise in actual life. These ideal types never appear in pure form. In 
treating actuality he is led naturally to discuss the relation of history and culture 
to the individual. The individual is not merely the product of his cultural 
milieu but possesses also a strain of originality and uniqueness which rests upon 
the very nature of his “soul” structure. Thus understanding and participating 
in the historical process does not rest on mere imitation but on a combination of 
historical factors with the self-determined unique interpretation. ‘In the result 
we approach the conception that mind as a great mutual medium includes the 
individual and the objectivations which grew out of the summation, reciprocal 
effects and stratification of innumerable individuals.” 

The last chapter presents briefly a sketch of biographical analysis as one 
possible method of understanding personality, not merely a statistical enumera- 
tion of traits but a sympathetic insight into the inner life and meaning-values of 
historical personalities. In conclusion Spranger re-states his belief that at all 
points life is made up of meanings in which the “totality of the mind exists in 
every mental act” but with varying degrees of subordination of other meaning- 
directions to the “dominant content” at the moment. And the highest life will 
always find this “dominant” feature in the “divine” soul-structure expressed 
in the religious attitude. 

It is difficult to evaluate so stimulating a book within the limits of a review. 
For the American psychologist interested in the practical analysis of personality 
traits the volume may seem a strangely philosophic and religious rather than a 
: “strictly” psychological presentation. But for those of us who are interested in 
the underlying conceptual formulations about personality, the book is. highly 
provocative and is bound; in time, to influence not only our ethical interpretations 
but our psychological investigations as well. 

University of Wisconsin ‘Koma. Yoona 


Mental Radio. By UrroN Smrvouam. Introduction by William McDougall. 
Pasadena, U. Sinclair, 1930. Pp. ix, 239. 

This book seems to call for notice among psychological reviews both because 
it ig about things “mental” and because it is introduced and endorsed by Professor 
William McDougall, who is, according to the author, “probably the ‘dean’ of 
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American Psychologists” (p. 205). The introduction vouches for the author as 
“an able ard sincere man with a strong sense of right and wrong" and it suggests 
thet Mrs. Sinclair, the receiving station of the book, is “one of the rare persons 
who have telepathic power in a marked degree and perhaps other supernormal 
powers" (vii). Since the ‘dean’ hints that the Sinclair evidence for telepathy and 
other unusual powers is “conclusive,” it had better be left at that in the present 
review. May we, however, promise the prospective reader interesting glimpses of 
the life of she Sinclairs while Upton “was busy trying to reform America,” of 
Jan the Perchic, who “astonished physicians of Southern California" (p. 27), and 
of many ictimate happenings in and around Long Beach, Pasadena and Los 
Angeles? We may at least assure him that he will discover what Mr. Sinclair 
and his sponsor dean understand by a scientific experiment. He will soon observe 
for himself zhat the simple logic supporting the conviction of the author is that his 
alleged successes or hits could not be due to chance or fraud and they must there- 
fore be due to telepathy. | 

Among zhe most entertaining tales in which the psychic powers of the '^witch- 
wife" come to light are those connected with the heroine’s childhood in the “black 
belt” of the "far south." The eldest daughter of a Mississippi judge, planter, 
and bank president, little Mary Craig Kimbrough got the feelings of people by 
"intuition." She also intuitively knew when her mother wanted her, that Mr. B 
was waiting at the house, and that poor Jack London was in trouble. She could 
forecast, too, by dreams; and she was terrified by snakes, fire, and the fact of 
telepathy. In more mature years, she exchanges “‘by the laying on of hands" her 
own headacaes for her husband's indigestions, and she learns how, by mere willing, 
to make the-stubborn Jan “do whatever she pleases.” 

Anyone familiar with the writings of a half-century on Psychic Phenomena 
(usually initialed in caps!) will recognize the character of the evidence, most of it 
from the comparison of drawings mind-read from husband to wife. Sometimes the 
exact physical—not to say anatomical—conditions of the mental radio are nicely 
observed by wrapping the husband's sketch in green paper and placing it upon the 
“solar plexus" of the receiving station. Some of the author's interpretations of the 
telepathed crawings are worthy of comment; e.g. the snake that became a crushed 
lotten, the wild animal that suggested a chorus girl’s legs, the caricature of a bald 
head which caused the wife to see “Upton’s face,” the hemorrhage which was 
clairvoyant for hemorrhoid, and the boy's foot which suffered “a strange telepathic 
irangformat.on" into & lion, dog, or pig snout. Those alienists who discern (as 
they think) she type of a patient’s deviation in his transformation of the Rorschach 
ink-blots wculd find food for thought in Sinclair’s ‘telepathed’ figures. Since the 
author of Mental Radio ignores his failures and since he has no adequate method 
either for recognizing or accounting for his successes, it may be superfluous to 
remind him of Lord Bacon’s shrewd remark that “men mark where they hit not 
where they miss.” The hostile critic of Mental Radio will be disarmed by the 
foreknowledze that “those who throw out these resulta will not be scientists" 
(p. 176), and by the discovery that it was only “loyalty to the nature of the uni- 
verse” (p. 220) that compelled the author to publish the book in spite of the sane 
advice of rekatives and friends in Chapter XXV. M.B. 


BOOK REVIEWS 605 


An Experimental Investigation of Social Behavior Patterns in Young Children. 
By EsrmER van CrLEAvE Burna. University of Iowa Studies: Studies in Child 
Welfare, Vol. IV, No. 3. Iowa City, The University Press, 1930. Pp.93.  — 

For all the present interest in social behavior, we must remember that careful 
factual and experimental analysis of this behavior is just beginning. Hence we 
should perhaps not be surprised to find a student setting out, as the author did, 
with the ambitious purpose of “describing and measuring the patterns of social 
behavior in children of several pre-school groups,” as if there were a definite 
number of particular "patterns" which with a little intelligent industry could 
easily be found and measured. We find no attempt either to define “patterns of 
behavior," or to deal with the difficulties involved in isolating definite items of such 
behavior and working out reliable methods for their investigation. 


Three methods of measuring social traits were used in this study: a rating scale, 
& series of experiments dealing with selected traits, and finally observational 
studies yielding “‘observational scores" of the various traits. Thirty traits be- 
lieved to include all the social behavior patterns of pre-school children were ar- 
ranged in a rating scale, with 5 degrees of each trait to be distinguished. The 
traits are indicated by such headings as (trait 6) **Coóperates; works or plays with 
others; works or plays jointly,” and for trait 12: "Kind: is disposed to do good and 
confer happiness; is benevolent; well-disposed." Instructions to the raters were 
carefully designed to avoid the “‘halo effect," by requiring them to rate the entire 
group on one trait before taking up another; and ''good" and "bad" ends of the 
scale were alternated to counteract a tendency to check at one end of the blank. 
Tables show the average ratings by 3 persons (sometimes 2) of 104 children. The 
average reliability of 3 persons in rating 30 children in common is 0.74 + .06. 

Tables also show correlations of the ratings with M.A. when C.A. is held 
constant, and vice versa. Numerous detailed conclusions are drawn (pp. 41 and 
44) some of which do not seem to agree with the data. For example: “When the 
influence of mental age is ruled out, . . . in the Kuhlmann group, chronological 
age gives a reliable positive correlation with rivalry; a low positive correlation with 
ascendance; and a rather high positive correlation with socially controlled be- 
havior.” Yet the corresponding correlations in the tables are —0O.1I +.12; 
--0.01 +.12;and +0.44 +.10. Clearly the tables are badly confused. The reader 
has no way of knowing what the results actually are, or whether they really furnish 
any ground for the conclusions given. 

The tables as printed reveal a peculiar situation in that the relationships be- 
tween ratings on the various traits and mental or chronological age are very 
different for the Stanford-Binet and for the Kuhlmann groups. For example, 
with chronological age constant there is in the Stanford group a negative cor- 
relation ( —0.57 = .08) of mental age with “socially controlled behavior," while 
in the Kuhlmann group mental age shows a high positive correlation (-+-0.70-+.06) 
with the same trait. This sort of contradiction is not even mentioned as such by 
the author. 

Some ingenious experiments were devised to measure some of the leading 
traits, such as obedience and respect for property rights. In general, the scores on 
the experiments for the various traits showed high correlations with the ratings. 
These experiments seem suggestive and well worth the attention of other in- 
vestigators. Only in general do observational scores ‘parallel the ratings." 
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 Às a piece of pioneer work, this study is interesting and suggestive. Along 
with other pieces of work it helps in its way to provide a rough preliminary chart 
of the fiel of early social behavior. Now perhaps we are ready for the more 
analytical and more rigidly critical work which is needed. 
Smith College MARGARET Wooster Curt 


James H. Hyslop—X, His Book: A Cross Reference Record. Collated and 
annotated by Gurrrups Ocpmn Tussy, formerly Secretary of the American 
Society fcr Psychical Research. Preface by Weston D. Bayley. York, Pa., The 
York Printing Co., 1929. Pp. 424. 

Althorgh few psychologists will be interested in this book, the author and Dr. 
Bayley (a. neurologist of Philadelphia) think it is from the study of such material 
as it contains that “the only possible science of psychology must grow, as it in- 
evitably will.” Here is presented annotated transcripts of stenographic records of 
29 séance attended in 1924-25, in New York, London, and Paris, by Miss Tubby 
for the purpose of providing opportunity for evidential communications of the 
eross-correspondence type from James H. Hyslop, deceased in 1920. Miss Tubby 
was trained in the natural aciences and spent 13 years in association with Hyslop. 
Although her conviction to belief in “communication” occurred as early as 1907, 
she says ii could rest upon the evidence in this book alone. Bayley deplores “‘the 
status of contemporaneous psychology," since, “as related to its possible future, 
[it] bears the same general relation that alchemy once did to modern chemistry." 
His criter-on for evaluating psychology seems to be its adequacy to explain the 
philosophical problem of the relation between me ‘mind’ and the ‘body’. 

Stanford a J. E. CoovgR 


A Vorume-Year Check List of Psychological and Allied Journals. By ED- 
MUND BS. CONKLIN. University of Oregon Publications, Vol. 1, No. 2. Eugene, 
Ore., University Press, 1931. Pp. 22. 

This very useful little pamphlet contains, for 92 journals in psychology and 
some allied fields, the name of each journal, ita proper abbreviation in biblio- 
graphical work, the names and addresses of its editor and publisher, a numerical list 
of the volumes published, and the date or dates for every volume. It should bea 
great aid to bibliographical precision for editors, for psychologists engaged in 
bibliographical work, and for those many authors with limited library facilities 
who would like to avoid the wrath of editors by making their citations of the 
literature sxact and complete. How often one finds himself with all of a reference 
"but the date! And, while no secondary source can be so reliable as the original 
volume itzelf, the chance of undetected typographical errors must be small in a 
list of consecutive volume numbers paralleled by a list of consecutive dates. 

E. G. B. 


The Mighty Medicine, Superstition and its Antidote: A New Liberal Education. 
By Frankin Henny Gippinas. New York, The Macmillan Co., 1929. Pp. 147. 
The author diagnoses the ills of education, locates their source, and prescribes 
a remedy His vigorous treatment displays a remarkable breadth of accurate 
knowledge, draws heavily upon the sciences of anthropology, biology, psychology, 
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and sociology, and frequently demonstrates his thesis in dramatic hyperbole. 
Over thirty years ago Giddings warned “against optimistic confidence that 
the long struggle for liberty of teaching was then practically ended." He saw “an 
increasing control of education by unenlightened political masses, carrying with 
it a submission of questions about the validity and worth of knowledge to a 
majority vote under universal suffrage" and he expected “that this subserviency 
of the high to the low will increase as the years go by." More recently scientific 
medicine is availing itself of chemistry and biology, and demonstrating the pos- 
sibility of ridding the world of epidemic and other diseases; “but we scorn its 
teachings to follow after ignoramuses and quacks.” ‘We have churches and 
schools . . . young men’s and young women’s Christian associations, colleges 
and universities; but we remain superstitious, afraid of knowledge, bigoted and 
intolerant, truculent, gun-toting and murderous.” The supreme function of 
education in human society—‘to apply intelligence and knowledge to the improve- 
ment of life"—ha8 become more and more inhibited. 

Education is the victim of the conflict between two irreconcilable conceptions 
of it: the sacrosanct and the experimental. It suffers from a persistent occultiam 
that makes “Sunday more sacred than the personal example of the Lord, the flag 
more sacred than the country that flies it, and a written constitution more sacred 
than the rights and liberties it defines and guarantees." The virus of its disease is 
The Mighty Medicine, made in tribal antiquity by the medicine man, and per- 
petuated in increasingly virulent forms by practitioners of pow wow to the present 
day. The remedy is The New Liberal Education, with its mystery-dispelling 
knowledge, its rational goals, and its scientific methods. 

The author sets up attainable goals, not neglecting the realm of values, and 
proposes means for their attainment, appropriate, respectively, to the lower 
schools and college, and to dull and bright or oblique and sterling pupils. He 
frequently draws heavily upon psychology, both directly and indirectly, and, in the 
opinion of the reviewer, with good judgment. Psychologists will find interest in 
this book. 

Stanford University  : J. E. CooveR 


Strategy in Handling People. By E. T. Wass and Jonn J. B. Moraan. 
Chicago, Boulton Pierce & Company, 1930. Pp. 260. 

This book presents earmarks of strategy in its presentation as well as in its 
contents. Under the caption '"Thanks are due to these scientists," the authors 
explain the “unusual plan of presenting this material,” and “acknowledge a debt 
of gratitude to the following members of the American Psychological Association 
who gave timely encouragement in the early stages of this work by expressing 
their approval of the method used." Then follow the names (each with title or 
degree—Professor, Dean, or Dr.) of 75 members of the American Psychological 
Association. ‘The men and women listed above," we read in a note below the - 
list, "are among the 159 scientists who approved of the basic plan of this book: 
to illustrate psychological principles with incidents from the careers of successful 
men. Their approval was given to the authors in response to a letter asking 
their estimate of various methods of presentation. There was, in some cases, 
a difference of opinion as to what additional methods should be used, but all 
agreed on the essential point.” Psychologists of the Association will recall the 
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letter in question. Was their ‘approval’ an indication that they would approve 
whatever tke authors chose to call “psychological principles,” and whatever il- 
lustrations were chosen? Nothing in the statements of the book indicates that 
it was not. Who were the other 84 approving scientista, and how many or what 
percentage of the members of the American Psychological Association did not 
respond favcrably to a plan which the note of dedication shows had been in prepara- 
tion “over a period of several years" during which bibliographical data had been 
gathered and sifted? Those members, who failed to reply or who openly expressed 
doubts as to the validity of such a compilation, are not referred to at all. 

The boos presents in a popular style, enlivened with photographs of and 
quotations from leading executives in American life, the principles of strategy 
reported to have been utilized by those who have become successful. While such 
selected quotations and opinions are, of course, not to be confounded with psy- 
chology, or with any science, the general principles, ‘secrets,’ etc. (usually printed 
in italics) deduced by the authors are probably in the main useful to readers. 
An example of such principles is this: “When you want people to adopt one of 
your ideas and act on it with whole-hearted interest, it is often wise to let them 
think it is their own, and to give them credit for originating it” (p. 47). The re- 
viewer has tried the book on some young men and has found that it has consider- 
able interest-value. There is much repetition of materials on similar principles. 
It would be mstructive for some one to attempt a determination of the reliability 
and validity of the dicta of the book. J.P. 


Character through Creative Experience. By Wit.LiIAM C. Bowmr. Chicago, 
University o? Chicago Press, 1930. Pp. 276. 

This book represents an effort on the part of the author to use a more or 
leas psychological technique for character education. It is interesting to the psy- 
chologist as illustrating how one who evidently is familiar with ‘modern psy- 
chology wou'd go about using this knowledge for the desired end: character 
through creazive experience. Religion he considers an intrinsic desire for an end. 
There is some confusion, however, when he designates it as a “pull from in front," 
and tries to differentiate this type of impulsion from vis a tergo. There ia a happy 
discussion of such topics as: integration and personality, motives in learning, and 
behavior patterns. Under proper guidance learning becomes to the growing 
personality a creative experience. The author states that one of the primary 
functions of religion is integration of personality. Though this, in the opinion of 
the reviewer, is a statement one would desire to make, there may be some doubt 
about its being more than felicitous theorizing as yet. 


University of Denver T. R. GARTH 


The Pattern of Life. By A. ApLER. Ed. by W. B. Wolfe. New York, Cos- 
mopolitan Bcok Corporation, 1930. Pp. 273. 

The ‘pattern’ is exemplified. by a dozen case-studies of children displaying de- 
fects in conduct. By means of these Adler exhibits his method of studying the 
individual history, conversing with parents and child, drawing conclusions, and 
giving advice. The method shows common sense and an apprehension of the state 
and needs of badly adjusted children. It involves fewer Latin labels for diseases, 
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hypothetical interpretations, and cultish peculiarities than we have come to 
expect from those medical people who indulge in the speculative excesses of 
psychoanalysts and some others. The editor of the volume has prefaced the cases 
with a plain statement of Adler’s theory of conduct, which is ambiguously and 
pretentiously called Individual Psychology. The “great principles” of the theory 
are set down as the unitary personality, the dynamic whole, the life pattern, and 
the individual strife for a goal under an apprehension of weakness and limitation. 
These principles strike the reviewer as more or less common property of all those 
who sensibly regard the conduct of youthful deviates. As Adler recedes from Freud, 
he seems to reduce his dependence upon such bold and speculative concepis as 
made impressive the teachings of his uncompromising master. 

In his introductory essay the editor well says that “Individual Psychology is an 
art more than a science” (p. 43); but no one can redd through Adler’s sensible 
comments upon the problems of childhood without observing that, quite apart 
from its claim to be a ‘psychology,’ the method may be, in the hands of a wise and 
informed person, a useful way of helping children toward & more healthful develop- 
ment and parents toward a lees stupid conception of their young. 

M. B. 


The Psychology of the Common Branches. By Wiuuram Henry Prin. Balti- 
more, Warwick & York, 1930. Pp. vii, 381. 

The author has limited himself largely to four school subjects,—reading, 
spelling, handwriting, and arithmetic. Incorporated with the usual data are more 
recent experiments and opinions relating to measurements in these subjecta and 
the methods and hygiene of instruction. Every chapter is followed by exercises, 
numbered statements of all the essential principles, brief abstracts of articles and 
books in the field, and blank pages ior entering of references and abstracts of 
articles still unpublished. 

Howard University F. C. Sunn 


An Introduction to Human Problems. By Haroub BENJAMIN. Cambridge, 
Houghton Mifflin Co., 1930. Pp. xiii, 472. 

This book's value to psychology lies almost exolusively in the field of meth- 
odology: approach, description, and analysis. The first four chapters—I. In- 
troducing the Problem Solver; II. The Search for Order; III. The Description 
of Order; and IV. Science as Generalisa&tion— merit the perusal of all elementary 
students in psychology if not of all psychologists. Chapter III merita especial at- 
tention, not because of newness but because of its clarity and completeness. 
One sees in these early sections the influences of Kelley, the author’s former 
teacher. Other sections impress one more with the breadth of their erudition and 
charm of style—often almost pedantio—than with depth of psychological under- 
standing. The simplicity and finality of this treatment leave one with a feeling 
that the writer is unaware of works like Clark’s The New Evolution. Intended as 
an orientation for college freshmen the book begins magnificently, but presents 
such contradictions as the discerning and aggressive freshman will resent. 

Michigan Central State Teachers College MirroN B. JENSEN 
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The Childs Emotions. Proceedings of the Mid-West Conference on Character 
Development, February, 1930. Chicago, University of Chicago Press, 1930. 
Pp. x, 406. 

This sym»osium, comprising the contributions of seven psychologists, four 
physiologists. four physicians, three sociologists, two authors and lecturers, two 
school teachecs, a public school superintendent, a religionist, a philosopher, and a 
university præsident, “dared to be more scientific and less general than ever be- 
fore" (p. 5). Despite this temerity, the treatment was obviously and frankly 
popular, including, as antipodes apparently, “both the theories of psychologists, 
and the experience of those actually engaged in research work with children" 
(p.5). Very :ew factual or numerical data are given; most of the contributions 
being interpretative. Such unsubstantiated statements as, “There were slightly 
higher scores for the women than for the men," “there was little correlation," 
"the emotionally maladjusted do better than," ete., are frequent, and they make 
tiresome reading. The limits of childhood are stretched considerably, some of the 
contributions. dealing with the babe at birth, and others with college seniors. 
There was little agreement as to the nature of emotion. 

The book contains nothing that is new, unless it be a renewed emphasis upon 
psychoanalyt c interpretations, there being no less than twenty references to the 
work of Freud and his followers. l 

DePauw University SroruEnN M. CORBY 


Psychologe, Normal and Abnormal. By. J. W. Bemwams. D. Appleton & 
Co., 1930. Po. xxii, 552. 

This book of twenty-nine chapters applies the fairly unique principles first 
proposed by Stérring and now well-grounded in psychiatrical practice of making 
abnormal conditions the outgrowth or exaggeration of normal conditions. It 
proceeds by defining in rather simple terms the subject of psychology together 
with some of the main points of view. The reviewer does not agree, however, that 
"gtructuralisr is thus a static point of view" or that "functional psychology is 
‘more concerned with the sequence of mental events than with their analyses." 
“Mental processes" rather than ‘mental states" found indeed a more worthy 
exponent in “itchener’s structural psychology than with functional psychology. 
The date of tke foundation of the first laboratory at Leipzig is given as 1870, which 
must be a misprint. The relation of psychology to other sciences, including the 
pseudo-scieneas, is rather competently given in limpid language. The subject of 
the abnormal is introduced through a discussion of the norm as statistically de- 
rived. After discussing other points of view with regard to mind and body, the 
author swings over to the double aspect theory which is today finding more and 
more adherence. Then follows a discussion of the neural mechanisms of behavior 
including suck well-known concepts as the neurograms and the more recent atti- 
tude with regard to the integrating alliances in the localisation of function. 

The autho- pays his respects to the unconscious in & very conservative fashion: 
and then returns to the usual sectional headings of many of our texi-books in 
psychology. In this case, however, he describes briefly first the normal situation 
and then under appropriate paragraph headings the abnormal conditions of 
sensitivity, a&eotive response, reflex connections, and instinct through the ac- 
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quisition of skilled movements and linguistic habits. This is followed by a treat- 
ment of the higher mental processes of memory, imagination, thought, and belief. 

With the eighteenth chapter, he turns to more intimately related psychopathic 
situations with an introductory review of suggestion, hypnosis, play, work, and 
fatigue. The subject of mental conflict follows that of motivation which leads us 
into the various interpretations of sleep and dreams where considerable space ia 
given to the Freudian theory. 

At the end we are led through chapters on temperament, character, personal- 
ity and similar larger integrations and disintegrations of the mental life. Finally 
there is a summary of psychopathology with a succinct description of the main 
psychoses together with their subdivisions. The book ends with a summary of 
underlying theories in applied psychology, especially in the realm of psychothera- 
peutic methods. A comprehensive bibliography topically arranged is appended. 

Although a number of books in this general field have lately been issued, it is the 
reviewer's impression that no other book has been so well systematized as this one. 
There is always a great temptation to press into service a long list of case studies. 
To a certain extent such studies furnish interesting and valuable material but the 
present book reduces this approach to a vanishing minimum and thus furnishes a 
fairly new experiment in treatises of this type. 

University of Iowa CHRISTIAN A. RuckMick 


Experimenis and Exercises in Educational Psychology. By Danie Srarou. 
ard ed., by the author and Harry F. Latehaw. New York, The Macmillan Com- 
pany, 1930. Pp. ix, 254. 

Chapters are added on grade placement, personality analysis, study methods, 
methods of evaluating text-books, and intelligence and achievement testing. 
Certain chapters are considerably revised and two chapters are omitted. The 
added exercises are rather elementary and practical in nature. The experiments 
on certain phases of learning contain some good material, but many problems are 
omitted entirely. 

Vanderbilt University Lyi» H. Lantus 


The Character Values of the Old Testament. By Gzogamn W. BRISWANGER. 
University of Iowa Studies: Studies in Character, Vol. 3, No. 3. Iowa City, 
University of Iowa Studies, 1st Ser., no. 187, 1930. Pp. 63. 

For generations the literature of the Bible has been regarded as ‘‘the chief 
staple of moral and religious instruction.” The author questions the soundness of 
this evaluation and has sought to determine just what value for character building 
the Old Testament stories do possess. The techniques and procedures for rating 
and assigning school grades to 63 Old Testament stories and 65 entire books re- 
telling such stories were slightly modified from those used by the staff of the In- 
stitute of Character Research in judging children's literature. The same staff of 
seven, who had worked together in judging fairy tales, assigned the ratings and 
grades. The conclusions reached indicate that nine-tenths of these Old Testament 
stories and three-fourths of the books of retold stories are not worth the child’s 
attention, that, in any case, only three of the Old Testament stories can be recom- 
mended for use below the sixth school grade and that there are few good Old 
Testament story-books below that grade. 
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:,, In evaluating the ethical content of the stories, restrictions were set up which 
. geem to the reviewer to discount too completely the setting of the story, its tradi- 
tional accretions and its historical perspective. It is hard to escape the impression 
- that although the ratings and grades are made with meticulous care, they are the 
rather unconvincing pronouncements of a small staff of workers. 


Lehigh University JAMES L. GRAHAM 


"The Growth of Ability. By Raymond O. Fuvrer and Omar C. Hero. Balti- 
more, Warwick & York, 1930. Pp. vii, 174. 

Ability is defined as & demonstrated achievement; capacity, as a surmised 
quality, possibly the foundation of ability. Spearman’s theory of the nature of 
ability is dismissed, not so much on the basis-of the defects of the theory as on 
account of his misapplication of the term ability. 

Conditioning comprises the major portion of perceptual learning. An ex- 
cellent. theoretical account of the growth of perception is given. The process of 
learning is described completely in terms of conditioning. Redintegration is 

"viewed as but a specialization of the principle of conditioning. Movement- 
produced stimuli (including both exteroceptive and proprioceptive) are given a 
justly prominent position in the formation of serial responses. Such responses are, 
however, shown to be far from ‘automatic.’ The account of the elimination of 
errors includes no extra principle beyond that of acquiring new behavior. A 
‘wrong’ response is automatically eliminated by the fixing of an antagonistic one. 
A relatively large section of the book is given to application and other practical 
considerations. 

One of the chief virtues of the book ia the fact that it gives a consistent account 
of the process of learning without recourse to the invention of new theories. The 
reviewer has seen no more successful effort to reduce the many facis of learning to 
a simple system. This does not imply, however, that the discussion is reduced to 
a too elementary level. 


Duke University Howarp EASLEY 


The Child's Conception of Physical Causality. By JEAN Praamm. Tr. by 
Marjorie Gabain. New York, Harcourt, Brace & Co., 1930. Pp. viii, 309. 

The French edition of which this book is a translation has already been re- 
viewed in the JOURNAL (41, 1929, 481-483). The translator has rendered a valuable 
service to English readers who do not know French. The clearness and simplicity - 
of the original version has been matched in the translation, but, unfortunately, 
the rather free translation occasionally does not give the exact meaning of the ` 
original work, especially where technical terms are employed. For instance, 
concrète is translated as "practical" (p. 1); l'esprit parcourt un certain nombre de 
stades is rendered “the human spirit goes through a certain number of stages” 
(p. 237, italics mine). Here mind would certainly have been better for English 
readers. With this important work by Piaget now more generally available to 
American readers, it is to be hoped that his experiment will be repeated in different 
quarters with better technique (including the use of adults as controls) than the 
author has employed. 

dunk. 
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The Measurement of Man. By J. A. Harris, C. M. Jackson, D. G. PATER- 
son, and R. E. Scammon. Foreword by C. H, Bailey. Minneapolis, The Uni- 
versity of Minnesota Press, 1930. Pp. vii; 215. _ 

This book is a compilation of four Sigma Xi lectures delivered by the authors’. 
at the University of Minnesota. It is semi-popular in nature and appears to 
have been designed for the educated layman. Part I, by Harris, deals with The 
Measurement of Man in the Mass; Parts II, by Jackson, withyNormal and Ab- 
normal Human Types; Part HI, by Paterson, with Personality and Physique; 
and Part IV, by Segmmon, with The Measurement of the Body in Childhood. 
Paterson made a thorough though brief review of the materials presented in 
greater detail in his book Physique and Intellect. Scammon presented, from the 
endocrinological point of view, some significant curves. 

Peabody College Paur L. BOYNTON 


The Revolt Against Dualism: An Inquiry Concerning the Existence of Ideas. 
By AnTrHUR O. Lovgjoy. New York, W. M. Norton & Co., Inc., 1930. Pp. 
xii, 325. 

The author defends the hypothesis of representative ideas, which is today 
probably no less popular among philosophers than among American psychologists. 
While it is fortunate to have so able a representative of dualiam the psychologist 
can only wish that the treatment of dualism versus some sort of monism could 
have been more directly and clearly drawn, and that the real issues could have 
been evaluated by means of more definite criteria. Few experimental psycholo- 
gists will have the patience to go through this big volume for the various qualitive 
estimates, pro and con, of questions discussed from the standpoint of adulta 
after years of habituation to certain views and terms and without resort to scien- 
tifie methods and to genetic approaches. J.P. 


Am Ende der Philosophie: Ein kritisches Wort an die Zeit und thre Phil- 
osophen. By Lupwia Freunp. Munich, Ernst Reinhardt, 1930. Pp. 178. 

This is a critical examination into the limitations of philosophy. The author 

foresees the termination of any kind of philosophy which does not see its own 

limitations. On the basis of what he regards as rigid logical procedures he con- 

cludes that apodictic modality judgments are out of place in philosophy as well 

asin the empirical sciences. There is, of course, nothing new in such conclusions. 
J. Fs 


Voices from: Beyond. By Henny Hanpwickm. Niagara Falls, Harkell Co., 
1930. Pp. 125. 

Although this book purports “to put into readable form certain well authenti- 
cated facts concerning psychical phenomena” established by persons “whose 
personal integrity it is impossible to question," there is little convincing evidence 
of ‘mediums’ and their work. The book cannot be recommended as anything 
like a scientific treatise. The author has presented his material in the form of a 
story, consequently the critical reader is unable to.separate fact from fiction. 


Peabody College WiisoN L. NEWMAN 
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xe 
piety of. MER P Éisiyi in Consiructive nts. By Lro R. WARD. 


tee New: ‘York, The Macmillan Co.,,1936, : Pp. x, 263. 


aoe 


“This is a philosophical (or probably better theological) discussion from the ` 
“Scholastic point of view of the illusive problem of ‘values.’ The author has 
-attempted a critical appraisal of a wide range of modern writers from the stand- - 


` point of Thomas Aquinas’ Summa Theologiae. The book is of little interest to ~.. 


the-modern psychologist, except, possibly, to illustrate the influence of a person's 
cultural setting and social contacts on his (intended) rationalistic position. The 
work is heavily documented with references and there is a VIBUORTEDUY of 26 
pages. 


is 


J.P. 


Discovering. Ourselves: A View of the Human Mind and How It Works. By 


Epwarp A. SrRECKER and KxENwETH E. APPEL. New York, The Macmillan - o 


Co. ,1931. Pp. xiii, 306. 
The authors sdy: “This book is meant to be entirety practical. It is not 


written for psychologists or psychiatrists.” The book presents the usual Freudian 
concepts in a popular non-critical manner. F 
' Hlinois Military School J. D. Dopson 


Die Religion: in ihrer dogmatischen und ihrer reinen. Form: Versuch einer: 


+ 


Grupälegung der- Religionsphilosophie. By Lao HawnunagR. Munich, Ernst 


Reinhardt, 1930. Pp. 170. 
This book is not concerned with religious behavior as T found in man, 


nor.with individual differences in this regard, but is theoretical and somewhat - i 


-absolutistic. It fails to adhere to present psychological conceptions of determi: 
nation and will, and it does not employ scientific methods. 
: Jo D 
Solution of the World-Riddle. Book One: Epistemology, the Natural Science 
of the Universe. By Innommnatus. San Francisco, Harr Wagner Publishing Co., . 
193%. Pp. xxxii, 197. 


"A 


value for the psychologist. It can be recommended only as a curious example of. 


^" dieordered elaboration. 


Cornell University CHARLES WARREN Fox 


Le génie des religions. Second Edition. By Baron Duscames. Paris, Félix 


~ Alcan, 1930. Pp. xxii, 539. = 
i Nothing of importance to psychology has been added in this edition. The í 


book is not written from a scientific point of view. There is no excuse for the ` 


size of this volume: its contents could be put into relatively few pages if stated '. 
_ ij a direct, matter-of-fact style. Its verbosity impresses one as a compensation: ' 


dor lack of real content. : 
J.P. 
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By S. FzrpxaN, Cornell University 


This year signalizes the hundredth anniversary of Wundt's birth. . 


Yet it is probably still true that, as Titchener wrote soon after Wundt's 
death in 1920, “we stand too near to Wundt to see him in a just per- 
spective.’ Clear vision, however, requires more than a proper per- 
. ~ spective; with increasing distance, outlines are likely to blur. While, 
then, the time for a just appraisal of Wundt is not yet, certain pre- 
liminary studies can and need to be carried out now. 

Wundt's was a long lie, and his works were many. In his forma- 
tive period, moreover, which reached to his forty-second year when 
.he published the first edition of the Grundzüge der phystologischen 
. Psychologie (1874), he bore the marks of many influences: Leibnitz, 

Kant, and Herbart; Helmholtz, Fechner, and Darwin. From 1874 to 


My 920, on the other hand, while he added greatly to the fields of experi- : 


. mental and social psychology, his psychological outlook persisted, 
-through its many restatements, fairly unchanged. To see Wundt 


justly, therefore, we may best begin by going back more than half a :| 


century and examining the first of the six editions of the Grundzüge, 
. the first rough draft of his permanent psychological system. Then 
' "we may go back stil further to the earlier, discarded drafts, the 
. Beiträge zur Theorie der Sinneswahrnehmung, 1858-1862; and the 
^ Vorlesungen über die Menschen- und Thierseele, 1863. Finally, we 


shall have to note how Wundt was influenced by contemporaries and | 


. predecessors. 


a E n dE 
‘Psycholo University. This study was begun under the ee of 

"Professor E. B. Titehener. 

“71K, B. Titeliener, Wilhelm Wundt, this Jovnsun, 32, 1921, ee 
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= The writing of the Grundzüge in 1874? was one of Wundt's two 
. achievements which marked the launching of psychology as an autono- 


*The first ten chapters were issued in 1873. On the changes in the plan of the 
Grundzüge, first outlined in a letter written. oy Wundt to his publisher, cf. E. B. 
Titchener, On the plan of tho Phystologische Psychologie, this JOURNAL, 32, 1921, 
596 f. The letter, a facsimile of which is inserted after p.90 in Wilhelm Engelmann, 

ubildumskaialog, 1911, reads, in translation, as follows: 


| Heidelberg, December 8, 1872. ` 
My dear Sir, 

For some time I have been busy with putting into shape a book 
whose preparation pepe me for several years and which jp de- . 
aign to publish under the title “Grundzüge der physiologischen Psy- 
chologie.” 


by way of a series of independent psychophysical 
ually attained dimensions that make a summary survey 


by the ay e their borderland. I accordingly treat my subject in 


physiological consequence of the manifold interactions between our outer 
and inner ience. A fourth section then presents a criticism of psycho- 
logical doctrines, directed and supported by the resulta obtained in these 
two; and a fifth and final section adds, as outcome of the whole enquiry, a 
general theory of psychophysical occurrence. 

_ The complete book will fill some forty or fifty forms. Woodcuts are pro- 
vided, especially in the first two sections, to illustrate the text. The work of 
preparation is so far advanced that the firat steps toward publication can be 
taken in February of next year and the printing can proceed thereafter with- 
out interruption. 

I now wish to ask, my dear Sir, whether, and if so upon what terms, you 
are disposed to und e the publieation of the book. Hoping to receive 
an early reply to this question, I am, 

Yours faithfully, 


W. Wundt 
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mous experimental discipline? Affording us, as it does, the most 
comprehensive survey of the state of psychology in that momentous 
period, the book has a permanent value. We therefore begin our 
serial study of Wundt’s psychology with a brief summary, chapter by 
chapter, of these first “Principles of Physiological Psychology.” 


Introduction. While human life is the primary concern both of physiology and 
of psychology, the two sciences have so far, in dealing with their common subject- 
matter, been following different paths. Physiology has informed us of the phe- 
nomena of life as they may be perceived through our external senses; in pay- 
chology, man looked at himself, as it were, from within, and dwelled upon the 
results of this internal observation. Yet there is a wide range of vital processes 
that calls for coóperative exploring; sensation and centrally initiated movement 
are outstanding examples. A psychological fact, sensation is nevertheless refer- 
able in the main to conditions outside of the organism; and, while the various 
stages of sensory complication may be followed through psychological observation, 
such factors as order and grouping of impressions, interrelations of sensory and 
motor apparatus, and central processea of the nervous system need also to be 
considered. In the case of action, again, one must rely in large measure upon psy- 
chological observation in order to fill the gap between impression and movement. 

So long, however, as physiology and psychology stand apart, the investigation 
of this common territory may be properly assigned to an intermediate discipline.* 
Such a border science would take over the problems which have, till fairly re- 
cently, been prosecuted exclusively by psychologists; and it would borrow its 
equipment from both parent-sciences, combining with psychological observation 
the methods of experimental physiology. It would single out actual instances of 
apprehension, feeling, and impulse for analysis; and it would analyze them, not 
directly, but through experimental variation of the relevant physiological factors. 
In time, it might provide the Getsteswissenschaften—history, law, politics, art, and 
religion—with a basis in natural science. 

*[he other was the founding of his laboratory in 1879. 

‘Only & part (the physiological section) of the fifth edition of the book has been 
translated into Seta Principles of Physiologi die cir Le translated by E. 
B. Titchener, 1904. Cf. E. G. Boring, Edward Bradford Titchener, this JOURNAL, 
38, 1927, 494. 

5In hi preface, Wundt writes: ‘The work which I here present to the public is 
an attempt to mark out a new domain of science. lam well aware that the ques- 
tion may be raised, whether the time is yet ripe for such an undertaking. . . . 
At the same time the best means of discovering the gaps in the subject-matter of a 
developing science is, as we all know, to take a general survey of its present status.” 
The last sentence echoes & statement made ten years earlier by the Herbartian, 
.M. W. Drobisch. Referring to Wundt's Vorlesungen, in a review entitled ‘Ueber 
den neuesten Versuch die Psychologie naturwissenschaftlich zu begründen" 
(Zeitschrift für exacie Philosophie, 1864, 313-348), Drobisch remarks: “He [Wundt] 
has preferred the freer form of lectures because of his conviction that text-books 
and systems abound in a science in proportion to lack of knowledge, and that psy- 
chology will never begin to progress unless an end is made to the writing of text- 
books and systems. On this score we should like to ask Mr. Wundt.... Is not 
a systematic arrangement best ics dus for calling attention to gaps within a 
science?" In his autobiography (Erlebies und Erkanntes, 1920, 206), Wundt re- 
calls Drobisch’s scathing criticisms ruefully. Of. Vorlesungen, I, ix. 
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A suitabb name for this novel enterprise would be phystological psychology,* or 
experimental psychology. Hither designation would announce the advent of a 
natural, explanatory science, and would set it off from the current empirical 
psychology as well as from the newly launched Vélkerpsychologie, both of which 
might well be termed descriptive sciences, or natural histories of mind.* 


Sensalioa. Sensation is, unquestionably, the simplest psychological phe- 
nomenon; but it is never observed in isolation. To determine its underived prop- 
erties, one must, in the manner of Condillac, first abstract from it all that it 
owes to ita :onneotions of the moment or to ita history: relations in space and in 
time, feelinz-tone, attribution to specific source. The remainder will consist of 
intensity acd quality.? 


Sensory intensity. Sensory intensity is commonly accepted as a simple in- 
dieator of external energies. To quote Herbart, two lights shine twice as brightly 
as one lighs, and three strings sound thrice as loud as one string. Yet it is quite 
obvious that such a relationship between sensory intensity and stimulus energy 
does not hcld at the limits of sensitivity. 


"The term physiological psychology occurs as a title in F. W. , Studien im 
Gebiete der physio 1 Psychologie, 1847, and again in Leidesdorf and Meynert’s 
Vierteljahraschrift für Psychiatrie in ihren Beziehungen zur Morphologie und Patho- 
logie is Cent tems, zur physiologischen Psychologie, Statistik, und ge- 
richtlichen Medicin, which began publication in 1867. Wundt himself employs the 
term in an article, Neue Leistungen auf dem Gebiete der physiologischen Psychologie, 
which he contributed to the first issue of the quarterly. 

TWundk seems to have coined the phrase experimental cho in 1862 
( Beiträge, vi). As we have not seen Bautain’s Psychologie ymeniale, 1839, we 
cannot tel. whether expérimentale in that title means experimental or empirical. 

sWe heve not thought it worth while to analyze in detail the six chapters deal- 
ing with the “physiological properties of the nervous system," especially since a 
complete zranslation of the corresponding portion of the fifth edition is available. 

The wost important item in these chapters is the formulation of four "general 
laws of the central functions" (231): (1) the principle of connection of elementary 
parts: every nerve-element is connected with other nerve-elements, and only when 
so connected does it become capable of physiological function; (2) the principe of 
indifference of function: no element performs specific functions; the form of its 
function depends upon its connections and relations; (3) the a n of vicarious 
function: when the function of any element is inhibited or destroyed, it may be 
taken over by other elements, provided that they have the necessary connections; 
(4) the pzinciple of localized function: every distinct function has a distinct place 
in the central organ from which it issues; t.e. a place in which the elements have 
the connections required for carrying out the function. The last three principles 
we are told, are interrelated: vicarious function presupposes indifference, and 
qualifies localization. Wundt takes sharp issue, on the one hand, with Flourens’ 
‘principle of the indivisible function of the cerebral lobes” (226 and 234) and, on 
the other hand, with the “hypothesis of the specific function of the neural elemen- 
el eae implied both by phrenology and by the Müllerian doctrine of the 

ific energy of nerves (226 and 232). 

*Cf. X. Helmholtz, Handbuch der physiologischen Optik, 1867, 438: “I conclude 
that, in perception, whatever can be eliminated or reversed by causes of demon- 
strably empirical origin is not properly sensation, but the product of experience and 
habituation. It will be shown that, if we follow this rule, we must refer to sensa- 
tion nothing but quality, and to experience and habituation most of the spatial 
perceptions.” 
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Only the lower limits have been investigated in detail, and even there only 
such approximate values as the following are available. In an illumination 1/300 
as bright as moonlight, we can just see a white paper strip at a distance of 5.5 
meters; if a cork weighing 1 m grm. drops r mm., we can hear it from a distance 
of 91 mm.; we can feel a weight of 2 m grm.; we can sense a temperature 1/10°C, 
higher than that of the skin. The stimulus-threshold varies, moreover, with 
quality, place, and extent of stimulation: it goes up to 50 m grm. on certain parts 
of the skin; and it goes down for light and for temperature as area of stimulation is 
increased. 

Between the lower and the upper intensive limits,’ discrimination is measured 
in terms of the differential threshold, which varies somewhat with method of 
experimentation (just noticeable differences, average errors, right and wrong 
cases). All these methods, however, have yielded, at the hands of Weber and 
< Fechner, the same generalization: sensory intensity is proportional to the loga- 

rithm of the intensity of stimulus. Thus it is that a shadow cast by moonlight 
disappears in lamplight, while a shadow cast by lamplight disappears in sun- 
light; for the same reason, stars are invisible in the daytime. On the other hand, 
slight differences in brightness between two clouds may be seen by the naked eye 
and through dark glasses with equal distinctness. The logarithmic relationship is 
also exemplified in the case of apparent stellar magnitude; and it has been experi- 
mentally confirmed in vision and in hearing, for pressure and for warmth (but not 
for cold), and for lifted weights. 

The generalization of the facts of intensive discrimination that bears Weber's 
name is thus sufficiently assured. Exceptions to it, where any have been demon- 
strated, rest upon specific physiological causes. For Weber’s Law itself, however, 
an immediate physiological ground is lacking. Observations made upon motor 
nerves, stimulated electrically at various stages of fatigue, suggest by inference 
that between stimulus-intensity and intensity of process in sensory nerve a simple 
proportionality prevails. Weber’s logarithmic law may, consequently, be re- 
garded as a psychological law, expressing the relationship of sensation to neural 
process. It will be shown later that the relationship holds for quality as well as for 
intensity. 


Sensory quality. Each of the four special senses—hearing, sight, smell, and 
taste—provides a distinct continuum of highly differentiated qualities, although 
in taste and in smell the form of the continua is not apparent. The skin and all 
the remaining sensitive areas of the body may be regarded, with Johannes 
Müller, as one general sense-organ, the organ of the less differentiated sense of 
feeling. 

Inter-modal differences are sufficiently accounted for by differences in the 
constitution of the sense-organs. Thus, the more primitive sense of feeling.func- 
tions through undifferentiated and directly stimulated nerve-endings, some of 
which are rendered more sensitive by accessory bulbular (Krause) and corpuscular 
(Meissner, Pacini) structures. That temperature and touch rest upon different 
modes of stimulation of identical fibers is suggested by the confusion of the two at 
low intensities. The ear reacts first aa a whole, but the cochlea with its basilar 


‘CWundt invents the term Retzhdhe for the terminal limen. 
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membrane süperimpo&es an analytic mechanism. In the eye are the rods and the 
cones, every one of which is the seat of many complex chemical reactions. A lesser 
variety of chemical reaction-modes will allow for the discrimination—by way of. 
smell and taste—of acida, bases, galta, ether oils, eto. 

Such extraordinary functional specialisation at the receptor removes any 
theoretic need for ascribing, with Miller and Helmholtz," specific energies to 
peripheral or central nerves—an assumption that is, in any case, incompatible 
with evolutionary tenets, the principle of indifference of neural elements, and 
other established facts. Qualitative variety. may, instead, be referred to hetero- 

. geneous molecular processes induced through receptor-stimulation and trans- 
. mitted in sheir specificity to the brain. Repeated stimulation of the same sort 
will naturelly predispose the adaptable nerve-substance to a set type of molecular 
movement. In hearing and in touch the molecular processes repeat the periodicity 
of the stinulus; in the case of sight, smell and taste, the relationship is not so 
simple, An account of auditory and visual quality will illustrate these two modes 
of receptor-function. 

In genaral, auditory quality gives a faithful rendering of gtimulus-form. The 
simple sin2-wave is heard as a pure tone; the complex wave yields an analyzable 
Bound; irregularity of wave-form is reflected in the noise. When one considers the 
continuity of tone and the unanalysability of noise, the parallelism, it is true, 
seams to se its precision; but these exceptions may be respectively attributed to 
the tempcral limita of perception and to the “narrowness of consciousness." The 
parallel isfurther modified in the case of pitch-discrimination, where a logarithmic 
relationship obtains between sensation. and stimulus. Here, moreover, the 
logarithmic function is not extracted from liminal determinations, but is plainly 
exhibitéd-in the comparison of finite values. 

The &mple—or gaturated—-colors lie, like the simple tones, in a linear series. 
The oolorJine, however, returns on itself and—with the purples—forms a closed 
figure, waich becomes a triangle when degrees of color-saturation are added. 
Since we regard color-quality with its neural correlate as a continuous but complex 
function bof stimulus, the oolor-triangle may be taken as a graphic representation 
of that function. Color-differences are measured in liminal terms; and the colors 
coinciding with maxima and minima of differential sensitivity-—red, yellow, green, 
and blue—have & more pronounced quality than the other colors, which are sensed 
as trangi-ions. 

Tonal quality, being independent of intensity, is not influenced by fatigue; in 
the case of color, however, where quality changes with intensity, fatigue affects 
both. Color passes over into gray or black as the stimulus is continued; and, unlesa 
contrast intervenes, the complementary after-image—itself an indication of 
altered retinal sensitivity—is negative (lees bright than the original impression). 
The same-colored after-image is always positive (as bright as, or brighter than, 


uWundt had earlier followed Helmholts’s views E Spon energy (cf. 
on 


Grundzüge, 346 f. with V. en, 1, A orbs oe S uo 
with ir en, I, 158), and t eory of hearing (cf. ith oue 


; I, 184). 

D po n these issues, and others to be noted later Wundt remained in agreement 
qi lamhal down to thé third edition of his Lebrbuck der Phusiológte: which 
he published the iine year (1875) in which he nent the Grundsiigs to eE Ct. 
Lehrbuca, 494, 611, 671 f. 
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the original impression) and implies leg of excitation; while the flight of colors may 
be explained by differences in the temporal course of retinal excitation. 

The facta of color-blindness are compatible with the hypothesis that, in vision, 
receptor-activity is a continuous function of wave-length. Color-blindness means, 
as & rule, low sensitivity or total insensitivity for red, combined with low sensitivity 
for violet. Insensitivity for red occurs also in the normal retinal periphery, in the 
initial stage of atrophy of the optic nerve, and in many cases of simple amblyopia. 
The occurrence of green-blindness, blue-blindness, and achromatopsy lacks proof. 

The most favorable conditions for contrast, as demonstrated in the Meyer 
and Ragoni-Scina experiments, are: maximal difference of color-tone; an optimal 
brightneas-difference (white on black is no brighter than light-gray on the same 
black);* an optimal saturation of inducing-surface; zero saturation of induced 
surface; and absence of contours (in Fechner’s experiment the contrast-shadow 
persista when viewed through & tube). While, then, the last factor displays the 
influence of reproduction, favored by the perception of discrete objects, the others 
suggest that discrimination is relative in the case of visual quality, as it is in the 
case of intensity and auditory quality. Direct proof of this relativity may be 
found in the fact that brightness-contrast remains undisturbed under wide 
changes of illumination; and no facts are contradicted by generalizing from this 
special case to the whole group of contrast-phenomena. To dispose of the 
phenomena of contrast as illusions of judgment (Helmholtz)? is to ignore their 
palpable character and to exalt the secondary factor of reproduction; while to 
refer them to a supposititious interaction of retinal areas is to disregard the 
reproduction-factor altogether. Rather do the facts of sensation, taken together, 
require the positing of a general psychological law of relation, valid for quality as 
well as for intensity. Sensation, in both of its aspects, is a relative, and not an 
absolute measure of neural process. 


Sense-feelings. Sheer pleasantness and unpleasantness depend, in the first 
instance, upon degree of sensory intensity. Hence, these feeling-tones are most 
noticeable in the lower senses, where qualitative distinctions are few; and there 
they contribute to the apprehension of self and to mood and temperament. In the 
higher senses, qualitative variety is matched by a corresponding diversity of 
feelings, which enter into the esthetic appreciation of external objects. High 
tones are gleeful, low tones have dignity; loud tones give the impression of power 
and exaltation, soft tones are low-spirited; there is rejoicing in a fast, moodiness in 
a alow tempo; and clashing, discordant feelings arise from the interplay of funda- 
mental with overtones and the intrusion of beats. Similarly, cheer is found in 
white, gravity in black; excitement in yellow, depression in blue; and between 
these poles stand the neutral grays, the tranquil greens, and the instable reds. 
Affective analogies—such as obtain between deep tones and dark colors, and are 


(f. 408. 
uWandt writes, “I then [Vorlesungen, I, 198; Lehrbuch, 626], adhered in detail 
to E rer ud theory E contrast; but the "acts have convinced me of its unten- 
ndzüge 423)." 
undt also recedes from his des concurrence with Helmholtz i in the ex- 
pd of color-mixture (cf. ndzüge, 387 with Lehrbuch, 609 f.), of after- 
images (cf. Grundzüge, 398 f. with riu, TR 624) and of the flight of colors 
(cf. Grundzüge, 401 with Lehrbuch, 62 
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implied in terms like ‘color-tone,’ ‘tone-color,’ ‘cold and warm colors, ‘sharp 
tones,’ and ‘sazurated colors'—contribute further to esthetic appreciation. 

While feeling is thus originally determined by intensity and quality, it may be 
modified throwgh associations. The feeling-tone of black, for example, is en- 
hanced by its association with mourning; but the association, in turn, rests upon 
the original fealing-tone of black. Other affective connections, such as between 
green and the peaceful meadow, or between yellow and the cheering sunlight— ' 
instances of s remarkable harmony between sensation and external nature—il- 
lustrate the principle of adaptation to environment which has governed the de- 
velopment of zhe human eye. 

The inconstancy of feeling is explained, in part, by sensory adaptation and 
summation. Yet such instances as the euphoria of convalescence and the thrill 
found in games of chance, in dramatic performances, and in other forms of play 
suggest that it ia of the nature of feeling to rebound from one of its poles to the 
opposite pole. As Kant said, pleasure must be preceded by pain. The basis for 
this affective ovement, and in fact for feeling itself, is to be found in the relation 
of sensation {o consciousness, which continually oscillates between the opposed 
states of inhibition and facilitation. Pleasantness goes with facilitation, unpleas- 
antness with inhibition; witness the assertiveness of pain, the easy flow of ideas 
when one is pleased, the frustration of sight by black, the clash of sensation in 
beats. l 

The psychological status of feeling is now apparent. Every sensation has its 
feeling-tone Just as it has its quality and its degree of intensity. But the three 
sensory determinations do not stand on a level; feeling is dependent upon in- 
tensity and quality, and represents a secondary modification imposed upon sensa- 
tion by the general state of consciousness." 


Apprehension. In the apprehension of existing and non-existing objects, of 
external objeeta and of oneself, sensations—supplied by peripheral or central 
stimulation—are involved. But these sensations are now ordered both in space 
and in time Apprehension, therefore, rests upon & new, integrative activity. .. 
The two modes of integration, temporal and spatial, are found together, and in 
their earliest form, in the tactual perception of bodily movement; they are in- 
dependently and more highly developed in hearing and in vision. 


Tactual perceptions. Tactual localization without the aid of vision implies, in 
the first plac, a local coloring of cutaneous sensations, or local signs, whereby parts 
of the body are discriminated. Such local differences would account for the limits 
of localization (expressed in terms of constant error or two-point limen, and pic- 
tured by means of overlapping ‘sensory circles’) as well as for the effects upon 
localization of practice, sensitivity, and intensity of stimulus. The correlation of 
gize of senscry circle with nerve-supply of the skin pcints to a structural basis for 
local signature. 

Before, aowever, the bidimensional system of qualitative local signs can be 
converted into a spatial continuum, some precise and dependable metric means is 
required; ard only in the fine intensive grading of the sensations of motor innerva- 
tion is & device of this sort discoverable. Localization may, then, be referred to a: 


... VThe theory of feeling is given a different turn later in the chapter on Con- 
sciousness end Attention. 


B 
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synthesis of motor and tactual sensations resting ultimately upon a codrdination 
of tactual and motor impulses, which presumably takes place in the optic thalmus 
but is also specifically represented in the cortex. In this psychological synthesis, 
as in a chemical synthesis, the constituents—motor sensations and local signs— 
lose their identity in the product, spatial order; they cannot, therefore, be ob- 
served for themselves, but must be inferred from the conditions—motor and cutane- 
ous—of localization. 

The early development of the spatial discrimination of parts of the body must 
have been favored by the unambiguous relation between motor and tactual 
sensations in bodily movement. The tactual exploration of objects would then 
lead to the perception of surfaces of varying curvature; and, because of the pre- 
dominance of rectilinear movement, the object-surfaces would be fitted into a 
tridimensional framework. At the same time, the possibility of reproduction 
would render unnecessary a constant reliance upon both local signs and movement. 
Since bodily movement, with its regularly recurring accents or emphases, also 
provides a basis for temporal apprehension, it would seem that the earliest per- 
ception of all was that of movement, a perception in which temporal and spstial 
order—later developing separately in hearing and in vision—are given together. 


Auditory perceptions. Sounds owe their localization altogether to vision and 
to touch; specific factors are to be looked for in tensor tympani, pinna, and throat 
movement. The variety of sounds, their analyzability, and their precise attune- 
ment to stimulus-course come into account in other ways: in the apprehension of 
rhythm and time, of melody, and of tonal relationship. 

Related sounds are those containing common or coincident partials. Where 
coincidence is independent of the fundamental, as in the vocal sound and in 
timbre, relationship is constant. In the musical interval, on the other hand, there 
is a variable—or harmonic’ —relationship between the constituent notes, the 
degree of resemblance depending upon the relative number and intensity of the 
common partials. The octave, double octave, and twelfth represent imperfect 
unisons rather than related tones, for in each case the higher note merely repeats 
partials already present in the lower note. The closest degree of kinship, then, is 
to be found in the fifth, with its three audible common partials; next come the 
fourth, the major sixth, and the major third, with two such partials; and lastly the 
minor third and other intervals, with but one. In major chords, where the differ- 
ence-tone furnishes a common fundamental, relationship is indirect. To such an 
indirect relationship pure tone-intervals owe their harmonic character, although 
associations may be contributing factors. 

Suitable conditions for temporal perception and the perception of rhythm are 
first found in connection with bodily movement, and later in connection with the 
visual perception of movement.!’ Hearing, however, affords the most adequate 


UHow Wundt came upon the notion of synthesis, and the changes which it 
went through between 1858 and 1874, are related by E. B. Titchener, A note on 
A acai oT of creative synthesis, this JOURNAL, 33, 1922, 351 ff. Cf. also 

554 f. 

Earlier Wundt followed Helmholtz’s theory of harmony (cf. Grundzüge, 370 f. 
with Vorlesu , IT, 68). 

Wundt alters his account of the perception of time in a later chapter (cf. 
Grundzüge, 513 and 681 f.). 
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basis for both perceptions. Temporal diserimination is present in the simplest 
rhythm; everz intensive rise is apprehended as a repetition, and with every rise or 
fall & recurremce is anticipated. Duration is estimated in terms of the rhythmic 
unit, and is ccrrectly estimated only within the limits of rhythmic organization. 
In melodic apprehension, qualitative variation is added to the intensive varia- 
tion upon wkich rhythm is conditioned; hence the significance of variable tonal 
relationship (melodic repetition and the law of the tonic) for melody, and of con- 
stant tonal relationship (rhyme and assonance) for poetry. 


Visual perceptions. The retinal mosaic is fundamental to visual localization. 
It provides the sensory material for spatial arrangement; and it determines the 
limits of the total field of vision, and of local discrimination, or visual acuity. 
Since the ccnes have more numerous fiber-connections and are more closely 
packed than zhe rods, acuity falls rapidly from fovea to periphery. Discrimination 
varies also w-th form and size of stimulus-object; and peripheral acuity in particu- 
lar improves with practice. 

The dete:mining factor in visual localization, however, is ocular movement. 
The orientation of the eye and the direction and magnitude of its excursions are 
apprehended by way of sensations of innervation and tactual local signs. That 
these motor and cutaneous sensations enter into fairly uniform connections with 
retinal local signs is guaranteed by the laws of Listing and Donders; and when the 
eye is stationary, the impulses of innervation reproduce the appropriate tactual 
local signs. From the synthesis of these elements, as from the similar synthesis in 
touch, spatial arrangement results in the form of a surface. The distance of this 
surface fror. the eye is defined, rather poorly, by way of accommodation; more 
precisely, br way of convergence; and, at & later stage of development, by the 
reproductive effect of perspective. Specifically, the influence of eye-movement 
evidences itaelf in the orientation, form, and continuity of the visual field; in the 
displacement of objects owing to paralysis of eye-muscle; in the discrimination of 
extents; in she overestimation of vertical distances (except in the case of such 
familiar figcres as the circle) and of distances in the upper and outer portions of 
the field of vision; in the apparent inclination of verticals; in the overestimation of 
filled extenta; and in the various illusions of visual movement. 

This genetic theory of visual perception presupposes sensory and motor 
mechanisme that are ready to function—for purposes of spatial apprehension—at- 
birth (or, in. the case of congenital blindness, as soon as vision is rendered possible); 
it does not derive perception from empirical inferences or from associations. 
Perception, which is the basis of experience, cannot itself be the result of experi- 
ence; and the concept of association is quite different from that of sensory synthe- 
sis, since an association does not yield a new product. 

The sinzleness of binocular vision rests, not upon stimulation of identical 
points, but in the first instance, upon a common localization made possible by 
the synergy of binocular movement. "Through repeated movementa of fixation, & 
paired correspondence of retinal points becomes established which favors, but does 
not compel, single vision. Common localization is facilitated also by eye-move- 
ment, by the presence of fixation lines (if not too long) and of secondary cues to 
localizatior, by familiarity of object, and by similarity of the binocularimpressions. 
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The visual field is properly a plane: one cannot see two objects in the same 
visual direction, at least not with equal distinctness. Of two sufficiently different 
impressions, one impression prevails altogether (perfect mirroring, retinal rivalry 
and suppression), or one is more distinctly perceived than the other impression 
(transparency and mirroring); if the factors favoring each impression balance, 
luster appears. 


Imaginative apprehension. The sensory materials involved in perception recur, 
in conformity with the rules of association, either as direct supplements to per- 
ception or as discrete formations. Thus arise various forms of apprehension: 
memory and imagination, hallucination, illusion, and dream—all implying a 
spread of excitation in the sensory areas of the cortex. Normally this secondary 
excitation is weak, and the reproduced elementa are faint; hence, for example, 
pleasant incidents lose leas of their body in recall than painful (and therefore more 
intensive) experiences do. Cortical excitation may spread further to motor areas; 
and, in the case of hallucinatory objects'that follow the movement of the eyes and 
leave negative after-images, a centrifugal course of excitation is indicated. In the 
hallucinatory types of apprehension, moreover, cortical sensitivity is high, and 
for various reasons: absence of stimulation (silence is conducive to auditory, 
darkness to visual hallucinations); excessive stimulation (hence the frequency of 
visual hallucinations); or nutritive disturbances leading to an accumulation of 
products of decomposition in the cortex. To this last condition, a source of 
automatic central stimulation, dreams and pathological hallucinations owe their 
incongruency; yet they draw largely upon reproductions instigated by sensory 
stimulation and affective tone. 


Complez apprehension, generalized apprehension, and perceptive forms. Ap- 
prehension is enriched through the concurrence and reproduction of impressions of 
disparate modalities. This is exemplified in perceiving a sharp point, a grating 
noise, & heavy weight, an impending blow. Movement also contributes to such 
complex apprehensions by way of the sensory materials involved in gesture, 
speech, and writing. Pantomime, onomatopoea, and pictography exemplify the 
complication or fusion of similar elements, while the association of sounds with 
visual and other disparate impressions was originally guided by analogies of feeling. 
For the most part, however, it is sheer habituation that has produced the intimate 
connection of object, word, and sign. 

The change from a specific to a generalized or schematic apprehension of 
objects requires, not a distinct process of abstraction, but the normal operation of 
the laws of association. Generalization begins in perception: the features that 
recur in objects of the same class tend to stand out, while the variable features are 
neglected. In this way a schematic mode of apprehension develops, which, how- 
ever, is not stable, but easily resolves itself into a serial apprehension of specific 
objects within a class. Even animals may attain to this level of generalization; 
and the child who identifies a circle first as a plate, then as a pond, and then again 
as the moon, is carrying out the process of resolution, and thereby beginning to 
comprehend a class of objects. 

Schematization, however, is adequate only for certain classes of objects, such 
as ‘circle’ or ‘green.’ For most object-classes the schema becomes too vague, and 
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the process of rasolution too cumbersome (e.g. feolor') The realisation of this 
difficulty, at fire felt but vaguely, finally leads to the postulation of a generalized 
object. Such a postulate, or concept, implies no new psychological mode other 
than schematic apprehension. With the &dvent of the concept the verbal element 
in apprehension becomes more prominent; and the verbal symbol is then also 
pressed into service for the comprehending of relations (such as means and end), 
to which schematic apprehension is altogether inadequate. The abstract concept 
—the theoretical as a postulate of thinking, the practical as a postulate of action— 
develops out of an earlier stage of exemplificatory apprehension (e.g. idol-worship 
precedes the abstract conception of god). To this derivation abstract concepts 
still owe their feeling-tone and their appearance in correlative pairs. 

When thinking of space or time—the two forms of perception—we apprehend a 
specific stretch of space or of time, and not a symbol as with other concepts. Yet 
their mode of derivation is similar. The geometric representation of the systems of 
color and tone reatly illustrate the formation of the space-concept; by bracketing 
together color-tone, saturation, intensity, and duration, we may even understand a 
space of four dimensions. It is, nevertheless, inadmissible to suppose, as Zöllner 
does, that space is curved; for while physical theory may—as it has already done— 
advance far beyond the direct evidence of perception, it must conform to the 
general percept.ve forms of space and time. On the other hand, psychology has 
nothing to say soncerning the reality of space or of any other concept, or even of 
the objects of perception; it takes all these for granted, and then seeks to deter- 
mine the conditions of their apprehension. 


Esthetic feelings. At a level between sense-feelings and emotions, one may 
place the varied class of feelings that color all apprehension, and whose basal 
modes are likinz and disliking. Often indistinct, these ‘esthetic’ feelings are most 
obvious in tonzl harmony and rhythm, and in the symmetry and proportion of 
spatial form. But they are also to be discerned in recall and in recognition, in the 
simple understanding of a sentence and in the solution of a problem, in the ideas of 
the beautiful ard the ugly, the sublime, the ridiculous and the comic. Tt is evident 
that these feelings imply evaluation. They may be said to reflect the degree to 
which the diversity given in apprehension is unified. They thus express the gen- 
eral conscious status of apprehension, just as the sensory feelings indicate the 
status of sensation. 


Consciousness and attention. Conscious life does not begin with sensation; nor 
does it involve from the outset a consciousness of self; nor, finally, can it spring 
from unconscicus iuferences.!* 

Self-awarer.ess and inference, both, appear at a fairly late period of develop- 
ment; they imoly the use of concepts. The explicit awareness of self, moreover, ` 
presupposes, first, the perceptive discrimination of external objects from one’s 
own body anc, secondly, the differentiation of memory and imagination from 
perception. i p 

"In the last two clauses, Wundt negatives the fundamental ideas of the Beit- 


irdge and the Vorlesungen. Even sensation had been made out to be an uncon- 
scious inference ( Betirdge, 445 ff.; Vorlesungen, I, 52 ff., 57 ff., 305.). 
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The single sensation, on the other hand, is an abstraction. The sound we hear 
has a certain duration; the color we see is localized. Synthesis operates from the 
beginning; and wherever synthesis, even of the most rudimentary kind, is ren- 
dered possible by conditions of central organization, some level of consciousness 
must therefore be assumed to exist. In animals possessing various levels of neural 
integration, the unitariness of consciousness is nevertheless guaranteed by the 
close interrelation of the various neural mechanisms. Some animals, it is true, 
exhibit signs of consciousness after decerebration; such consciousness, however, 
is not residual, but a new development. 


Alongside of sensory synthesis and of association, a third psychological activity 
must now be recognized: attention or apperception. All objecta are not appre- 
hended on equal terms. Under instantaneous illumination, several words can be 
clearly read; if, however, one is intent upon the precise form of a single letter, all 
the other letters become less clear; while with repetition the range of the attentive 
‘point of regard’ may increase. The same phenomena can be demonstrated with 
& combination of tones. 'l'he wider range of the whole conscious field of regard 
may be inferred from thelimitsof rhythmic complexity and of consecutive thinking. 


While attention is favored by reproduction (as the aforementionede ffect of 
repetition indicates), and also by stimulus-intensity and visual fixation and con- 
tours, various facts bespeak for it a single primary subjective condition. Under 
attention, apprehension of disparate objects (for example, the sound of the bell 
and the sight of the pointer in the complication experiment) is unitary. Then 
there is the peculiar feeling that may be observed during the accommodation of at- 
tention. It bears a personal reference; it becomes fairly tense in expectation and 
surprise, and in effortful thought, imagination, and recollection; it may be accom- 
panied by innervation of the muscles about the eyes, ears and head; it suggests, 
finally, innervational functioning. One may, therefore, conceive of the cortical 
innervation-areas as operating in two ways: they shunt the course of excitation 
back to the sensory spheres, whose activity is thus reénforced; and they also in- 
nervate the bodily musculature. It follows that between attention and voluntary 
action there is simply a difference in the relative emphasis of these two innerva- 
tional modes. The central determination of all feelings, which we have earlier de- 
rived from the total state of consciousness, may now, also, be more specifically 
referred to innervation. 


The course of apprehension; association. Thec ourse of apprehension is regu- 
lated by the accommodation of attention. The shortest ‘physiological time” is ob- 
tained under conditions permitting adequate accommodation: foreknowledge of the 
object reacted to and of the time of its appearance, and absence of distraction. 
Accommodation also governs the time-relations both of perceived objecta (cf. the 
‘personal equation’)? and of memorial objects (cf. the experiments on the com- 
parison of time-mtervals). 
pe d undt here (Grundzüge, 733) reporta experiments performed by himself and 


**"Wundt brought the ‘personal equation’ into the laboratory in 1860, tisch: he 
devised the complication erint In 1862, in the course of a general attack 
on Herbartianism, he made the bold announcement that this experiment disproved 
the metaphysical axiom upon which the whole Herbartian psychology had been 
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The possibilty of reproduction rests upon a facilitating after-effect of cortical 
excitation. The after-effect is of a functional sort, analogous to the effect of prac- 
tice upon muscular movement or upon visual acuity rather than to the after-effect 
of visual sensat.on. Such a dispositional after-effect underlies the laws of associa- 
tion by spatial and temporal contiguity. These two laws, both of which imply a 
tendency of excitation to recur in the manner to which it has been habituated, 
may be combined into a single law of associative habituation. The law of aimilar- 
ity presupposes, in addition, a transfer-effect of associative practice. Since the 
sensory areas cf the cortex are dominated by the frontal areas of innervation, the 
laws of associasion cannot operate automatically. They are always subject to the 
accommodation of attention, although this may sometimes, asin dreams and in the 
pathological flight of ideas, be fairly slack; and the guiding influence of accommoda- 
tion grows strchger with proper training. What appears to be association by con- 
trast really pomts to a peculiarity of attention: when accommodation continues for 
& long time in che same direction, fatigue seta in, encouraging a maximally different 
direction of accommodation. 


Emotion, -mpulse, and temperament. Emotion and impulse are both expres- 
sions of innervational activity. In emotion, attention is, as it were, taken by sur- 
prise; in impulse, it is in a state of expectation. 

In all pronounced instances of emotion, the affective situation inhibits the flow 
of ideas; if the emotion is pleasant, a sudden release of inhibition may follow; all 
emotions gradually subside, and are replaced by moods. At the same time, the 
changing staze of innervation and of feeling is reflected in sthenic and asthenic 
tonicity and in alteration of visceral function; this bodily reverberation is the 
same in all emotions of sufficient intensity. 

The impulse is characterized by a forward reference to an affective situation, 
with appropriate motor consequences. Its two opposed modes of desire and resis- 
tance meet in the neutral mode of expectation. The mere accommodation of atten- 
tion may this be regarded as an elementary impulse. The more primitive im- 
pulses, like the early perceptions, command ready-made sensory and motor 
mechanisms; yet they are not mere reflexes. Their direction, at first vague, is 
defined only as apprehension develops. Nor does psychological development con- 


erected. Herbart by the use of his mathematical method, had demonstrated that 
the sum of ideas held sim partes Bh in consciousness was never lees than eet 
while the re_ative displacement of bell and pointer in the complication-e 
—so ran Windt’s ent—meant that we can apprehend only one thi pey : 
time (die E£nheit der ee, Cf. pees xxi ri (footnote), xxvii f., T Bert 382 Í.; 
Vorlesunger, I, Lectures III and X XIII, and 469; Grundzüge y, 15 erbari, 
Psychologie als Wissenschaft, sec. 44i y^ SB. @ Boe Wundt’ dress at Speyer 
1861, this JOURNAL, 34, 1923, gi : A Hi zperimental 
Psychology, 1929, 247 f., 341. bik A ed a vehemently for [A Herd bs 
in the re mentioned above. In the Grundzüge, Wundt tacitly drops the 
argumen 

Boring writes Cep cH cil., op that “Miller’s belief in the instantaneousness of 
nerve acticn was overthr Helmholts’s measurement of the velocity of me 
nervous inrpulse, but his vee Aavertheless persisted as the basis of Wundt’s 
chology of of the ‘complication.’ ” Cf., however, n I, Lecture I, w 
Wundt writes “Just a few yearsago, a German physiologist, Helmholts, determined 
with precision the true rate of conduction of sensory and motor process in nerves” 
(33), and then uses Helmholts's determination to support his own explanation of 

complization experiment. 
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sist in the elimination or repression of the primitive impulses, but in the appear- 
ance of new and more varied forms, which, of course, bring with them the possi- 
bility of conflict. . 

Emotional and impulsive dispositions, or temperamentas, vary more or less 
with individual, nation, race, and species. One may discriminate, with Galen, 
four temperamental types. Intense emotion and dark mood distinguish the 
choleric and the melancholic from the phlegmatic and the sanguine. While the 
sanguine and the choleric change their mood with the occasion, the brooding and 
the conservative types are not so easily distracted. Lastly, one may set off the 
affectivity.of the melancholic and the sanguine against the activity of the choleric 
and the phlegmatic. Each temperament has its good and its bad points; the wise 
man will, therefore, cultivate all of them. 


Action. There is no sharp cleavage between voluntary action, or action in- 
itiated by impulse, and non-voluntary action. The impulse usually indicates the 
general direction of the action, without prescribing its specific course. Under 
repetition, intention may lapse altogether or may show itself only in starting the 
actional sequence and in bringing it to a close. Such facts cannot be accounted 
for by invoking now the agency of the will and now unconscious or mechanical 

. determination. All actions are sustained by the operation of organic devices. In 
voluntary action, essentially the same mechanisms are involved as in non-volun- 
tary action; but initiation is cortical, since the impulse implies innervational 
activity. The course of apprehension resembles that of action: once started by 
apperceptive activity, it may be carried on by way of associative linkage with 
only occasional interference on the part of apperception. The two modes of in- 
nervational function thus behave in & like manner. 


Expressive movemenis. Expressive movements have various origins. The 
tonic and visceral indices of emotion are, for the most part, direct consequences of 
innervation; expressions of the mouth and nose are specific sensory reactions that 
have become integrated with diverse situations by virtue of a common affective 
coloring; and gestures can be traced to early perceptive situations. Speech began 
as vocal gesture; as such it may still be observed in the deaf-mute. Both speech 
and gesture presuppose a discreteness of perceived objects that is lacking in ani- 
mals and in human infants. The further development of speech was aided by 
onomatopoea and affective analogy. The comprehension of speech was facilitated 
by gestural comment, just as facial expression contributed to the understanding 
of gesture. 


Concluding remarks. All psychological proceeses—sensation, synthesis, associ- 
ation and apperception—are physiologically grounded; and just as the organism 
is & unity of many parts, so mind, its inner counterpart, is a unitary connection of 
multiple processes. These principles suggest the monistic conception that the 
world consists of simple beings variously integrated, and undergoing parallel 
changes externally and internally. When integration becomes sufficiently per- 
sistent and coherent—a level attained in animal life—the internal processes take 
the form of sensation and apprehension. In this sense, mind may be regarded, 
with Leibnitz, as a mirror of the world. 


WUNDT'S DOCTORATE STUDENTS AND THEIR THESES 
1875-1920 


By Mues A. Tivxezr, University of Minnesota 


As an historical figure, Wundt is rapidly achieving the eminent 
position egrned by his contributions to the advancement of scientific 
. psychology. The centennial of the birth of this “senior psychologist 
in the history of psychology” was August 16, 1932. A survey and list 
of the theses done under his guidance during his professorship at 
Leipzig may be fittingly given &t this time. 

Since :885 Leipzig theses and their authors are listed in the suc- 
cessive volumes of Jahresverzeichnis der an den deutschen Universi- 
täten erschienenen Schriften. There is no published list prior to that 
time. 'Ths titles and names listed below were obtained for the period 
ending 1834 from the records filed at the University of Leipzig and 


- since 188< from the Jahresvergeichnts. 


From 1875 to 1919 Wundt directed 186 theses. The frequencies 
by quinquennia follow: 1875-80 (6 years), 12 degrees; 1881-85, 23 
degrees; r886—90, 26 degrees; 1891—95, 28 degrees; 1896-1900, 23 de- 
grees; 19C1—05, 25 degrees; 1906—10, 25 degrees; 1911-15, 22 degrees; 
1916-20, 2 degrees. While during the first six-year period less than 
two degrees per year were granted by Wundt, from 1880 to 1915 he 
Bponsorec about five per year and they were spread quite uniformly 
through the seven quinquennia. This is an impressive record, es- 
pecially impressive when one remembers that Wundt was 83 years 
old in rors, Although he retired in 1917 Wundt was major adviser 
on two taeses completed in 1919. The fact that Wirth was minor 
adviser on several of the theses granted by Wundt between 1911 and 
1920 indicates that the latter was probably transferring some of his 
responsitilities to his colleagues during this period. The first Leipzig 
thesis spcnsored by Wirth as major adviser is dated April, 1919 (1921) 
in the r921 Jahresverzeichnis. 

In considering thé Wundtian doctorates the reader should remem- 
ber that many studerits (not listed here), who did not take their de- 
grees at Leipzig, studied in Wundt/s laboratory. Wundt was, of 
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course, minor adviser on numerous theses (not tabulated here) in 
philosophy, pedagogy, ethics, and anthropology. The list of the 186 
men obtaining ds &nd their thesis titles follows: 


1876 
STEFFEN, Rosner. Kante Lehre vom Dinge an si 
BwIENTOCHOWSKI, ALEXANDER. Ein Versuch die b des der Moralgesetze 
zu erklären, eine ethische Analyse. 


1877 
Drmarrusco, Consrantoy. Der Schdnheitsbegriff, eine üsthetischpsyohol- 
ogische "Studie. 
1878 
BOLLI ÁpnoLr. Das Problem der Causalit& 
ILHELM. Herder’s Erkenntnialehre und Metaphysik. 
HARTUNG, Ernsr Bruno. Grundlinien einer Ethik bei Giordano Bruno, 
besonders nach dessen Schrift Lo spaccio de la bestia trionfante. 
Sosoyo, PETER. Das Pythagoreische System in seinen Grundgedanken. 


1879 
Gune, WiLHELM. Die Gesetze der ag ers we? und Psychologie über 
Entstehung der Bewegungen und der Articulationsunterricht der Taub- 
ummen 
T Durem. Schopenhauers Erkenntnistheorie: Eine kritische 


ung. | 
Vuzic (Wurrsca), Mionasr. Über Substanz und Causalitàt. 


1880 
RapEsrOCE, Paur. Schiaf und Traum. Eine physiologisch-psychologische 


Untersuchung. 
, OTTO. "Ost arauesedhs Grüberfelder. 


1881 

Borrizs, Gorrrrmp. Uber den Pessimismus als Durchgangspunkt ru uni- 
vergaler Doe 

PD ALFRED. DR A E T Raumproblem und die geometrischen 

ome. 
dere Max. Über die Apperceptionsdauer bei einfachen und zusam- 
zten Vorstellungen. 

Hoar IEDRICH WiLHELM. Kurze kritische Darstellung der esate und 
Entwickelung der utilitarischen Moralphilosophie in England. 

Konia, EpwuND. Uber den Substans bei Locke und Hume. 


1882 
G. B. Tu. Untersuchungen fiber den Farbencontrast vermit- . 
telat rotirender Scheiben. 
'Trscumg, Ernsr Tu. Über die Misa ug | von Schallstérken 
TRAuTsOHOLDT, Martin. Experimentelle Untersuchungen (ber die As- 
sociation der Vorstellungen. 
1883 
EsrgL, VoLkwaR. Neue Versuche über den Zeitsinn. 
Konwum, Caris: M REINHOLD. Die logischen Grundlagen der Systematik 
er 
MERKEL, Ge. . Die seitlichen Verhültnisse der Willenst&tigkeit. 
SomwEIDER, Gmona. Der menschliche Wille vom Standpunkte der neueren 
Entwickelungstheorien. 


ROSENSTEIN, ALFRED. Die psychologischen Bedingungen des Bedeutungs- 


Stern, ÀLBERT. Uber die Beriehungen Chr. Garve’s zu Kant, nebst mehreren 
bisher MES TECTRN Briefen Kant’s, Feder’s und Garve’s. 
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1885  — 

Bureur, Oscar. Uber den Einfluss der Reizstürke auf die Dauer einfacher 
paychiecher Vorgánge mit besonderer Rücksicht auf Lichtreize. 

Brosy, Javxs TuHoMwPSON. Herbert Spencer's Data of Ethica and Transmuta- 


tional Xithics. 
Drerzn, Guora W. Untersuch über den ve des Bewusstseins bei 
regelmässig aufeinanderfolge adon Sehalleindrü 


Kia Cart. Die Formen dee Snara Doea. mit besonderer Rücksicht 
auf ihre Anwendung in der Mathematik 

Lorenz, Gustav. Die Methode der richtigen und falschen Fülle in ihrer 
Anwerdung bei Schallempfindungen. 

MEHNEB, Mx. Die Lehre vom Zeitainn. 

MüusrEREERG, Huao. Die Lehre von der natürlichen Anpassung in ihrer 
Entwickelung, Anwendung und Bedeutung 

Nepicu, Lrusomir. Die Lebre von der Quanücalion des Pridicats in der 
neueren englischen Logik. 

SmrLvzR, Davw. Der Entwicklungsgang der Leibniz'sehen Monadenlehre bis 


1695. 
CA Jamms McKxnN. By coemetenne Untersu 
Glas, Came Barnu. Über H ito ET Ansichten und 


ihren Z usamm mit is ein 

Kónrnzn, Auremp. Uber die hauptadchlichsten Versuche einer mathematischen 
Fornrulirung des psychophysischen Gesetzes von Weber. 

Lange, L3apwic. Der Bewegungsbegriff w&hrend der Reformation der Himmels- 
kund» von Copernicus bis su Newton (1 43 bis 1687). 

STARKE, PAUL. Die Messung von Schallstárke 

Wors, Farry KrgkgR. Untersuchungen über das Tongedüchtniss. 


1887 
E»srmiN, JosmrzH. Die logischen Principien der Zeitmessun ane 
Grass, RrcHARD. Kritisches und Experimentellea über den Zeitsinn. 
. KürLPz, Cswald. Zur Theorie der sinnlichen Gefühle. 
SoHANZ, JOHANNES. Das Freiheitsproblem bei Kant und bei Schopenhauer, 
eine kritische Untersuchung. 


1888 

Bosrscsarr, (W.) Niconavs. Die Gefühlslehre in ihren hauptsüchlichsten 
Gesialtungen von Kant bis auf unsere Zeit. 

GLOECKTER, mp. Der Gottes iff bei Leibnis. 

LiPPs Gorrion db E Die logischen Grundlagen des mathematischen 
Funetions 

Lurr, E»uARD. : dis Unterschiedsempfindlichkeit für Ine 

THIEME, KARL. Der Primat der praktischen Vernunft bei Lotse 


1889 i 
Bax, Warrer. Dermathematische Zahlbegriff und seine Entwicklungsform. 
ScmiscHMANOW, Iwan. Untersuchungen über die Empfindlichkeit des Inter- 


ZEITBORHL, Harman Ricuarp. Die Erkenntnislehre Spinosa’s. 

1890 , 
FiscmHER, Lupwia. Cogito 
Gimxrewioz, Benno. Uber rA Methods der Beziehungen. 
KinsoHwANN, AuausT. Uber die quantitativen Verhältnisse des simultanen 

Hedligkeita- und Farbencontrastes. 

KnaesTCr?, Krusto. Lotzes pde. hysischer Seelenbegriff. 
LoREN:, Cant. Untersuch er die Auffassung von Tondistanzen. 
Sonmir, ALBERT. Zu Kants vom Raum 
SCHUBERT, JOHANNES. Adam Smith’s Moralphilosop hie. 
'TUnx, Twemann. Das psychologische Problem in der P Hamlet-Trag dio. 
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189I 
ANGELL, FRANK. Untersuch n fiber die ined von Schallintensitéten. 
BxNzckÉE, Max. Vom Taxt in Tans, Gesang und Dichtung. 


PONY lone hio. Das Verhältnis vc von Hallers philosophischen Gedichten sur 
O80 
PAO, ‘Epvan, Das Relativititeprincip in Spencer's psychologischer Ent- 
wickelung 
Aumxis. Der Positivismus, eine kritische Studie. 
Scrrrurn, Epwarp. Uber den associativen Verlauf der Vorstellungen. 


1892 
REES, d CODO Ethics. 
TrrogxNzR, Ep "bsc bir binoculare Wirkungen monocularer EN 
TEREE Riches. bere Messungen und deren praktischer 


1893 
Eoxunen, Hueco. Untersuchungen über die Schwankungen der Auffassung 


minimaler Sinnesreixe. 
BONUM EDUARD. hong Untersuchungen über die Helligkeit der 
Kimers, Bruno. zur experimentellen Prüfung der Methode der 


richti en und Mes alle. 

PAULINS, JOHANNES MARTIN. Die Sittenlehre Geulinex. 

Raputuscu-Morru, CONSTANTIN. Zur Entwicklung von Kant’s Theorie der 
Naturcausalitat. 

IOR TEE ee Schopenhauers Verhältnis zu Kant in seinen Grundxügen. 


itm, TuEoDOR. Analyse und Kritik der Berkeley’schen Erkenntnistheorie 
und Metaphysik. 

WENZEL, ALFRED. Beiträge zur Logik der Sozialwirtschaftalebre. 

WravcANDT, Winumnw. Entstehung edt Träume, 

Wrrmr, LigHTNER. Zur experimentellen Ästhetik einfacher räumlicher 
Formenverhältnise. 

1894 
EISLER, 2 Die Weiterbildung der Kant'schen Aprioritütslehre bis sur 


Gegenw 
Kmsow, Pom Beiträge sur physiologischen Psychologie des Ge- 


schma 
Künn, VicrOB. Kuss Darstellung und Kritik der praktischen Ideen Herbarta 
von Standpunkt re sees Heteronomie. 
SCHMID, SEBASTIAN. uerg Willensmetaphysik i in ihrem Verhältnis 
zu neueren Ansichten à den Willen. 
, WiunrAM G. Zur Frage der mittelbaren Association 
TURBAN, THropor. Das Wesen des Christentums von Tad ae Feuerbach. 


1895 
Trropor. Studien sur Blinden-Psychologie. 
Mantz, Pau. Die Wirkung akustischer Sinnesreize auf Puls und Athmung. 
'FurÉRy, ARMAND. Uber koonei opako Täuschungen. 


1896 
Beck, PauL. Die Substansbegriffe in der Naturwissenschait. 
Bon, Steagremp. Grun e der wissenschaftlichen und technischen Ethik. 
Ferprions, Max. Der Substans ogag neu und gegen die herr- 
-schenden Ansichten zu Gunsten Philosophen erl&utert. 
GRIÐVE, vances Das geistige Princip in der Philosophie Thomas Hill 


EEE MiLEvOJE. Die Impersonalien: Eine logische Untersuchung. 

Jupp, CuanLES H. Über Raumwahrnehmungen im Gebiet des Tastsinns. 

STRATTON, Groras. Über die Wahrnehmung von Druckünderungen bei 
verschiedenen Geschwindigkeiten. 
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1897 
' Max. Über die Bedeutung der Convergenz- und Accommodations- 
bewegungen für die Tiefenwahrnehmung 
Rosrosxy. PAUL. Uber funktionelle Beziehungen beider Gehórorgane. 
MEC Dav. Über das Purkinje’sche Phänomen im Centrum 
3 
Tawney, 3UY ALLAN. Über die Wahrnehmung zweier Punkte mittelst des 
Tastsmnes, mit Rücksicht auf die Frage de Übung und die Entstehung 
der Vexirfehler. 
1898 
Mo Rosset. Über Raumwahrnehmung beim monocularen indirecten 


Ware RS Morrat. Die Zeitachwellen gleichartiger und disparater 
Sinneseindrticke. 
WINTER, Wonn. Die ethischen Untersuchungen Ludwig Feuerbachs. 


1899 
JASPER, JosgPH. Leibniz und die Scholastik. 
Moson, Earca. Zur Methode der richtigen und falschen Fülle i im Gebiete der 
Schallempfindungen. 
RADOBLAW OW-HADJIDENKOW, ZWETAN. Untersuchungen über das Gedächtnis 
für r&áimliche Instanzen des Geeichtesinns 
SogwaAnm, Pavut. Michel de Montaigne als philosophischer Charakter. 


1900 
ALEOHBISEF, NiCOLAUS. Reactionszeiten bei D angsbeobachtungen. 
HxmrnnPACH, Way. Die Farbenwahrnehmung im indirecten Sehen. 

Savescu, MICHAEL. Die Gefühlalehre in der neuesten franzósischen coe 
Scott, W.rrER. Die Psychologie der Triebe historisch-kritisch betrachtet 
ZEITLER, JuLIUS. Tachistoskopische Untersuchungen über das Lesen. 


19OI 
Hania, PAULI. Zur Psycho hysik des Geschmackssinnes. 
LiNkE, Paou. D. Hume's Lehre vom Wissen. 
Von Voss. R RopzRT. Über den Begriff der Erkenntnis insbesondere der intui- 
tiven >ei Spinoza. 
1902 l 
BangMANF, HERMANN CunrTIAN. Der Formalismus in Kants Rechtsphil- 


osoph-e. 
Bavca, A P. J. Die Psychologie Arthur Schopenhauers, dargestellt als 
Dna, Wieser bor daa Ansteige der Netzhau 

ABT e 

ExDpLER, EicHARD. Kants physische M Radon im chalii sur Philoso- 

phie und i Natucwiesenschafe der 
Hennig, Max. A.E. DEM Lu Toll ie der religiósen Erkenntnis. 
SEYFERT, A10HARD HERMANN. Uber die Auffassung einfachster Raumformen. 
oumas, WiLHELM Harper. Jonathan Edwards und seine Willenslehre, 


1903 

GENT, Wanner. Volumenkurven bei Gefühlen und Affekten. 

HorrMAN, HxiNniCH. Die Leibnis’sche Religionsphilosophie in ihrer geschicht- 
lichen. Stellung. 

KünurLmBgR, JoHANNES. Der simultane Farben- und Helligkeitskontrast mit 
besonderer Berücksichtigung des sog. Florkontrastes. 

1904 

FREUDENERICH, Hans. Fechners chologische Anschauungen. 

Gusti, DEwETRIUS. Egoismus und Áltruismus.' Zur goziologischen Motivation 
des praktischen Wollens. i 

KauwsHozz, Fræpriom. Schleiermachers Weltanschauung in den Monologen 

und die literarischen-philosophischen Vorsussetzungen dazu. 
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Perens, Woss. Die Farbenempfindung der foe enon phere bei 
Dunkeladaptation und konstanter subjektiver Helligkeit 


1905 


BERGEMANN, Rosmer. Reaktionen auf Schalleindricke nach der Methode der 
Háufigkeitskurven beerbeitet. 

Konnan STANISLAUB. Über die Wahrnehmbarkeit plótzlicher Druckver- 

erungen. 
ui E M. À. F. Die Farbenkurve bei Reduktion auf gleiche Hellig- 
eiten. 

OrsRAUBEN, WALDEMAR. Friedrich von Hardenbergs (Novalis) Beziehungen 
sur Naturwissenschaft seiner Zeit. 

QuaNpT, Joss. WinuELM. Bewusstseinsumfang für regelmässig eee 
Gesamtvorstellungen. 

REvrHER, Ferez. Beiträge zur Gedichtnisforschung 

IuogrER, Orro. Kants Auffassung des Vethiltrises von Glauben und Wissen 
und ihre Nachwirkung besonders in der neueren Theologi 

SPrEARMAN, CHARLES. Die Normaltaéuschungen in der a A 


ge 


CHNER, Max. Uber das Ansteigen der Helligkeitserregung. 
Boos, Ro EE Die Zeitschwellen für Stimmgabeltóne mittlerer und leiser 
nai 
Karxa, Gustav. Uber das Ansteigen der Tonn 
KLEMM, Orro. G. B. Vico als Geschichtsphilosoph un Välke cholog. 
PrEIrER, RiCH. ARwED. Über Tiekonlohslnation von Doppelb belbdden- 
Reiss, Josar. Kritik der Willensphinomene des Privatrechts. 


1907 
BERLINER, BERNHARD. Der Anstieg der reinen Farbene g im Seho 
KATZENELLENBOGEN, Epwin. Die zentrale und periphere hecharle des hell- 


und dunkeladaptierten Auges. 

JoHANNES. Die Methode der mehrfachen Fälle im Gebiete der 
Schallempfindungen und ihre Beziehung zur Methode der Minimal- 
änderungen. 

Mrrrenzwey, Cuno. Über abstrahierende Apperzeption. 

Satow, Paur. Der Gefühlscharakter einiger ele hinchas Schallformen in 
seiner respiratorischen Ausserung. 

Kasma Fru. Friedrich Justus Riedel und seine Ästhetik. 


UTR Gnonas. Über den Anstieg der Druckempfindung. 
Kis Gong. Untersuchungen über den Gefuhlseindruck unanalysierter 


Mane. ro. Raumi&uschungen des Tastsinns bei annormaler Lage der 


tastenden Organ 
SCHWARZE, Kam T Die Ethik Herbert Spencera, eine kritische Studie. 


1909 


Somma, Roran. Die realistischen Elemente der Lotzeschen Ontologie. 


I9IO 


BERLAGE, FRANZ. ved DR von Artikulation ind Gehör beim Nachsingen 


von 


bei verteilter 


MAGCEACHRAN, JOHN. ` Pragmatismus. 
EOS Niconar. Die successive und simultane Raumschwelle im indirekten 
en 
Ristrrecu, Swrronta. Die indirekten Beweise des transsendentalen Idealis- 
mus. Ein kritischer Beitrag sur Kantforschung. 
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Sanne Faur. Das Ansteigen der Schallerregung bei Tönen verschiedener 
one. 


Drozyn Leon. Atmungs- und ce da An rhythmischer Gefühle. 

GÜNTHER, RICH. Reaktionsversu chgangsbeobachtungen. 

ReuwoLp-, Frmprica. Uber respiratorische Affecktaymptome. 

SrEFANESCU-GOANGA, FLO EN lor bertm OR E zur Gefithls- 
betonang der Farben. 

1912 

JusineHaus, Casu. Beiträge sur Methodologie der Gedichtnis-Untersuchung. 

LoRENZ, JOHANNES. pou een im Sehfelde bei wechselnder 
Aufmsrksamkeitaverteil 


Beier ermethod 
vo cae Über die Vorstellungen der Tiere: Ein Beitr. s. Entwick- 


ungsosy 
WzsTPHAL, WinLY./ Untersuchun sphygmographischen und pneumo- 
graphischen Symptome bei nA iaa erth 


Curt. Die Konstans des mittleren Schätzungswertes bei Um- 
NE. S der Lage des Normal- und Vergleichsreizes. 

ERTUS W. Experimentelle Analyse eines einfachen Reaktion- 
ms unter gleichzeitiger Registrierung der pneumographischen und 
sphygmographischen Sm tome. 

KRABSKOWSXI, CLEMENS. hingigkeit des Umfanges der Aufmerksamkeit 
von ihrem Bn Ans 
. LogNERT, Karu. Untersuchungen über die Auffassung von Rechtecken. 
SANDER, FurgeDBRICH. Elementaristhetische Wirkungen susammengesetater 
geometrischer Figuren. 


1913 


1914 ; 
ALBERT, Untersuchungen der Hemmung einer vorbereiteten Will- 
om Cmo. Üb i 
SAR Em er den Gang des Schatzungsfehlers bei der Vergleiohung von 
ts 
KonzuLT, WERNER. Untersuchung über die Farbenunterschiedsempfindung 
bei S2hulkindern. 
I9I15 
BuocnmHornz, GERHARD. Uber die Beeinflussung tachistoskopischer Auffassung 
durch vorangehende Eindrücke. E 
BuncER, HERMANN. Uber den Einfluss der Rhythmisierung von Eindrücken 
auf cen Umfang des Bewusetseins. 
Gwar, Fnrrz. Untersuch n über die Zéllnersche Täuschung. 
Tororo, Trazan. Aufeinanderfolge zweier einfacher Reaktionen mit rechter 
und linker Hand bei Variation des Reizintervalls. 
1919 
MtruER, PauL. Verlauf einer vorbereiteten Willensbewegung. 
PauLsszz, BERTA. Einfache Reaktionen bei Variation und rhythmischer 
Gliederung der Vorperiode. 


An attempt has been made by ‘inspection’ of the titles of the theses 
„and their authors’ names roughly to classify the subject-matter in- 
vestigatec and the nationality of the students. While such claasifica- 
tion can rot be done without errors, the approximation is sufficiently 
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accurate to show major trends. Many of the theses were concerned 
mainly with philosophy. The frequencies of theses concerned with 
psychological and philosophical subjects for successive periods follow: 
1875-80, two psychological and ro philosophical; 1881—90, 27 and 22 
respectively; 1891-1900, 32 and 19; r901~10, 31 and 19; 1911-20, 24 
ando. From these data it is seen that the psychological work did not 
get under way until the early eighties and that from then on psychol- 
ogy predominated over philosophy. The ratio between psychologi- 
cal and philosophical theses is approximately 3 to 2 for each period 
after 1880 except the last, in which all theses were psychological. 

Further analysis of the psychological theses reveals that about 
Jo% can be classified as sensation and perception in subject-matter, 
9% as method, 10% as attention and feeling, and most of the rest as 
scattered between action, association, and memory. Sub-groupings 
under sensation and perception include vision, 28% (of total psycho- 
logical theses); audition, 23%; touch, 5%; time-sense, 8%; and the 
rest divided between laste and method. 

Inspection of the names led to the following classification of 
nationalities: 136 German (or Austrian) students; 14 American; 1o 
English; 13 Balkan (from Bulgaria, Roumania, etc.); 6 Polish; 2 
French; 2 Danish; 3 Russian. For the first 7 years and from 1896- 
1900 the Germans were fewer in numbers, but during each of the re- 
maining quinquennia to 1916 there were about 20 names. Both the 
Balkan and the English students were fairly uniformly distributed 
through the eight periods, but nearly all (12 of the 14) Americans 
took their degrees between 1886 and 1900. 


A CRITICAL EXAMINATION OF THE INVESTIGATIONS 
OF AUDITORY ACTION CURRENTS 


By Gaonanm Krenz, Cornell University 


For many years & controversy has existed between the adherents 
of the ‘plac? and of the ‘frequency’ theories of hearing. In the 
‘place’ theories it is supposed that the neural correlate of the various 
distinguishable frequencies of sound consists of impulses in different 
nerve fibers (terminating at different places on the basilar membrane); 
in the ‘frecuency’ theories the various stimulus frequencies are 
thought of a3 retained in the neural response. With the development 
of techniques for detecting action-currents in nerves, attempts were, 
naturally, eerly made to get a direct decision of the question by the 
application of this technique to the auditory nerve. But the earlier 
experiments were inconclusive, apparently on account of the lack of 
recording instruments that could respond at relatively high fre- 
quencies anc still be sensitive enough to detect the action-currents. 
The development of electrical amplification technique with the ad- 
vent of radi> made it possible, however, to use instruments which - 
though in themselves less sensitive were capable of responding at 
higher frequencies. . So the telephone, which had early been in com- 
mon use for determining the frequency of tetanic muscular contrac- 
tions, was turned to again, but it now served, in conjunction with 
powerful amplifiers, as an indicator of the frequency of auditory 
action currermts. As a result of such experiments with telephone and 
amplifier, it has been found that currents led off from the auditory 
nerve of the cat in response to sound stimuli, and conducted through 
amplifier and telephone, gave rise in the telephone to tones of the 
same pitch as the sounds serving as stimuli. This result, in conjunc- 
tion with certain experimental checks, has led many of the recent 
investigatore to the conclusion that the fluctuating currents detected 
were auditory action currents, and therefore, that impulses in the 
acoustic nerre correspond in frequency with the sound stimulus. 

This conelusion is of such great theoretical and practical impor- 
tance that it is obvious that the grounds upon which it rests must be 
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very carefully scrutinized. The various investigations have not all 
been made under identical conditions; and the logie underlying the 
interpretations of the results has not always been made explicit. 
It seems desirable, therefore, to bring together the results of all of 
these investigations, along with certain other relevant facts, in order 
to determine just how substantial is the logical and experimental 
groundwork upon which rests the conclusion mentioned above. 
That is the purpose of the present paper. The general questions 
which we wish to answer are: (1) Does any single investigation pro- 
vide conclusive evidence that the microphonic effect which was de- 
tected is due to action currents of the acoustic nerve? (2) To what 
extent do the different investigations consider the same problems and 
obtain corroborative results? Our procedure will be first, to review 
some of the fundamental facts concerning the electrical properties of 
tissues, then to itemize and analyze various mierophonie phenomena 
which might be involved in investigations of the type being considered, 
and finally, with these considerations in mind, to pass to an examina- 
tion of the various experimental investigations that have been made. 


Toe ELECTRICAL PROPERTIES or lissUES 


As we shall later see, whether certain microphonic phenomena 
may be expected to occur will depend on whether the tissues possess 
certain essential electrical properties. We wish, therefore, to recall 
some of the basic facts concerning the electrical properties of tissues 
and the way these may change under various conditions. 


Almost all of the electrical properties found in non-living materials are ex- 
hibited under some circumstances by living tissues. Experiments show that living 
tissues conduct direct currents and that they must, therefore, be designated as 
having & certain conductance (or resistance). Experiments with alternating 
currents of various frequencies show that the tissues also possess capacity. These 
properties may be measured by methods like those used with non-living materials. 
The capacity and resistance are found to vary for different kinds of tissue and for 
the same tissues under different conditions. Experiments show an apparently 
close relation between the functional and electrical properties of the tissues; con- 
sequently much of the experimental work upon the changes in the electrical prop- 
erties under different conditions represents attempts to use such measures as 
indicators of the functional state of the tissues. The capacity and resistance are 
also found to vary with changes in the frequency of the alternating current being 
conducted. Different conventions are current for representing the manner of 
combination of the resistance and capacity possessed by the tissues. For repre- 


1M. Gildermeister, Passiv elektrische Erscheinungen, Handb. d. normalen u. 
pathol. Physiol., 8 (2), 1928, 657-681. 
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senting the passage of direct currents through them, it is customary to regard the 
tissues as equivalent to a particular resistance and capacity in parallel, as for a 
leaky conderser. For representing ‘the properties of a tissue in transmitting 
alternating currents, it is often more convenient to regard the tissue as equivalent 
to a resistance and capacity in series (and to specify the changes that occur in this 
capacity and resistance at different frequencies). It is of course always possible, 
where the passage of alternating current is involved, to determine, by means of an 
appropriate tormula, the values for a capacity and resistance in parallel which 
will be equivalent to a particular resistance and capacity in series. In terms of the 
' &otual structures and phenomena in the tissues responsible for ite capacity, a given 
stretch of tissue is more appropriately represented as a group of condensers in 
series than as & single condenser with the measured capacity. Every place where 
there occurs a limiting membrane which is responsible for the piling up of ions 
may be regarded as corresponding to a new dielectric layer between two con- 
denser platee. In terms of this view, the actual capacity possessed by the ‘n- 
dividual condensers’ would be far greater than the measured value obtained for a 
whole stretch of tissue which is equivalent to a number of such ‘unit-condensers’ 
in geries.? 

The tissues also possess characteristics which may be likened to the electro- 
motive foree generated by batteries, though the nature of the fundamental 
phenomena ~esponsible for them is still a matter of theory.. If two places on a 
particular kind of tissue or on different tissues are connected in a circuit containing 
a galvanomecer, a current may pass through the instrument between the two pointa. 
Such currents are called demarcation or injury currents, and the potential differ- 
ences upon "which they depend may be designated as injury or resting potential 
differences.? The term injury is used since it has been believed that if each of two 
places on the same tissue are completely uninjured, there will be no potential 
difference between them, although it is often difficult experimentally to prepare a 
given tissue 30 that two places on it will show no such resting potential difference. 
Hoffman,‘ fcr example, reports that in experiments made for measuring the injury 
currents of muscle tissues, marked differences in the magnitudes of the currents 
were found even though extreme care was used to prepare the specimens examined 
in exactly the same way. The maximum injury potential differences obtainable 
are differentfor different tissues and for the same tissues under different conditions. 
The maximam potential difference occurs when one point has been maximally 
injured (killed) and the other is completely uninjured. If both are somewhat in- 
jured the potential difference between them will naturally be leas. In nerve tissue 
the maximum injury potential difference obtainable is of the order of 0.026 v., 
though its magnitude varies somewhat for different nerves and in different 
animals, The injured part of the tissue is negative relative to the uninjured part. 

2] bid., 692 f. 

1L. Hernann, Lehrbuch der di and LUE pan I3 ed., 1905, 119; Handb. d. Physiol. 
2 (1), 1879, 144-154; P D u. pathol. Physiol., $ (2), 
1928, 703-728, qua 741; HE 8. Lillie, Precise Am and Nervous ervous Action, 
192 ; 299-310; Osterhout, Electrical phenomena in the living cell, 

he ub). Lauri, 25, 1931, 169-181. 

‘Hoffman, op. cit., 704 
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These resting potential differences may be produced between two places on a 
tissue by differences in temperature, or of pressure,’ as well as by differences in 
injury. 

Probably related to the injury currents are the action currents or potentials.’ 
As & wave of excitation passes along a tissue, it is accompanied by a wave of de- 
creased potential, so that the active place on the tissue becomes negative relative 
to other points. That there is some basic connection between the two phenomena 
is indicated by the fact that the action and the injury potential differences are of 
about the same magnitude. It is by means of these action potentials that so 
much valuable information about the functioning of nerves and muscles has been 
obtained, and it is the hope of obtaining similar information about the auditory 
nerve that has led to the various investigations to be considered in this paper. 


MicnROPHONIC PHENOMENA 


The essential procedure in the various investigations of auditory 
action currents consists in exposing the auditory nerve in an appropri- 
ate experimental animal, in most investigations the cat, and in placing 
the active electrode on or near the auditory nerve and the other 
electrode on the nerve or, more generally, on nearby muscle or brain 
tissue. The animal is of course previously placed under an anaes- 
thetic and usually decerebrated so that there will be no movements 
to interfere with subsequent experiments. The electrodes are con- 
nected to an amplifier either over a transformer or directly to grid 
and filament of the first tube, and any currents which may be led off 
in this way, when sound stimuli are sent into the cat’s ear, are ampli- 
fied and finally passed through a telephone or a galvanometer. In 
the investigations to be considered here, these currents were found to 
be of the frequency of the stimulating sound waves. So we shall 
refer to this phenomenon as the ‘bio-microphonic.effect’ or simply as 
the ‘microphonic effect.) A number of possible ways in which this 
microphonic effect may have been produced will be discussed in the 
present section. They will be referred to as ‘microphonic phenomena.’ 
Following is a list of the ones that we shall consider here: (1) Micro- 
phonic effects dependent on induction; (2) Microphonic effect of the 
tubes; (8) Vibration of electrodes by sound waves from the air to 
co (a) variation of the resistance in the input circuit, (6) varia- 

08; cf. aleo W. Pauli and J. Vi iie Der Thermostrom des Muskels, 


Arch fd eu Physiol., 163, 16, 355-383 
‘Hoffmann, op. cit, 708 PEAN Fe de Meyer, Sur la dualité de la réaction 
électrique des systémes cute C la Soc. de Biol, 83, 1920, 301; 
De Meyer, De la superposition des bourants pene et z déformation dans les 
muscles, Arch. internat. de physiol., Ps toai 193-227; H er den 
Willkürversuch du Bois-Reymonds, A D ges. P ysiol., 207, 1925, 316-319. 

"Hoffmann, op. cit., 709-737; 741-758. 
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tion of the capacity in the input cireuit; (4) Vibration of the elec- 
trodes by sound waves transmitted from the labyrinth: (a) and (b) as 
under (3); (8) Fluctuating potentials (which produce a fluctuating 
potential diference between the electrodes): (a) generated in the 
tissues by the passage of sound waves, (b) generated in the labyrinth 
by the passaze of sound waves, (c) generated in the auditory nerve 
by the passaze of nerve impulses. 

(1) Induction. An obvious artifact to be avoided in the investiga- 
tions being examined here is that due to induction effects. Fluctuat- 
ing electric or magnetic fields which vary synchronously with the 
stimulating sound waves may induce corresponding fluctuations of 
current or potential in the amplifier and so give rise to telephone 
tones of the same pitch as the stimuli. This danger is the greater, 
the more sensitive the amplifying system; for the fluctuating currents 
or potentials induced may then be very minute and yet be detected.. 
Hence all of the experimenters who have reported upon the ‘bio- 
microphonic =fiect’ have avoided the use of electrical sources of sound 
stimuli and have relied upon air sources alone. 

But the presence of fluctuating electric and magnetic fields of 
like frequency with the sound-stimulus is not limited to those that 
may be produced by electrical sources of sound. If anywhere in the 
region that may be reached by the stimulus-waves there is electrical 
apparatus which permits the sound waves to produce vibration of a 
conducting wire in a magnetic field, or the variation of the reluctance 
of part of a magnetic circuit (as by a vibrating membrane near the 
ends of telephone magnets), or the production of fluctuating currents 
synchronized with the sound waves, or the vibration of a charged 
body, then flictuating electric and magnetic fields may be produced. 

Amplifiers are quite generally provided with shielding to exclude 
disturbances from the surroundings. But even where present, such 
shielding designed for general purposes cannot be assumed. to have 
been adequaze to prevent fluctuating fields, such as those mentioned 
above, from -nducing microphonic effects in the amplifier. Shielding 
is a relative matter. Whether it is adequate in a given case depends 
upon the strength and frequency of the fluctuating fields, the charac- " 
teristics of the shielding system (nature of the material, its thickness 
and form, presence of slits and joints, all of which determine the ease 
with which eddy currents may flow), the degree of amplification, and 
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the characteristics of the circuit which is being protected, as, for 
example, the input circuit of the amplifier. 

To &void the effects of fluctuating fields produced in the ways 
mentioned above, it is of course desirable that all electric apparatus 
that might give rise to such fields be removed from the vicinity of the 
stimulus-room, and that appropriate shielding against fluctuating 
electric and magnetic fields be provided. But even with such pre- 
cautions, the exclusion of induction effects cannot be considered 
assured until appropriate tests have indicated this to be true. Such 
tests are as necessary 88 is testing the soundproofing of the room 
containing the amplifier to assure exclusion of the microphonic effect 
of the tubes. Such tests, to be adequate, must also take account of 
the fact that the characteristics of the input circuit may determine 
the intensity of the effects that might be produced in it by induction. 
During the tests, therefore, the input circuit must have magnitudes 
of resistance, capacity and inductance comparable with those existing 
in the circuit during the experiments, when the animal tissues be- 
tween the electrodes provide certain of these magnitudes. 

(2) Mtcrophonic action of the tubes. The vibration of the amplifier 
tubes by the sound waves may produce movements of the grid and 
filament relative to each other, altering the grid-filament capacity, 
and thus produce what is called the microphonic effect of the tubes. 
This phenomenon, which is relatively easy to detect, due to its 
favoring of certain frequencies and its independence of the character- 
istics of the input circuit, seems not to have been a factor in any of 
the experiments and so need not be further discussed. 

(3) Vibration of the electrode—sound waves from the air. Micro- 
phonic phenomena due to the vibration of the electrode by air-waves 
(air vibration phenomena) may be of two kinds: (a) those dependent 
upon the variation of the resistance in the input circuit (resistance- 
microphone phenomena); and (b) those dependent upon the varia- 
tion of the capacity of the input circuit (condenser-microphone 
phenomena). 


5J. H. Morecroft and A. Turner, The shielding of electric and magnetic fields, 
Proc. Inst. Radio Engineers, 13, 1925, 477-505. The significance of the character- 
istics of the circuit is indicated by the formulae for the flow of alternating currents 
in various kinds of circuit: see, e.g., V. Karapetoff, The Electric Circuit, 2nd ed., 
1912, 60-80. 


644. KREEZER 


(a) Variation of resistance of input circuit. The model for resistance-micro- 
phone phenomena is furnished by the carbon microphone.” Direct current from a 
battery flows through a resistance provided by carbon granules lying loosely be- 
hind the telephone transmitter membrane, then through the line to a telephone or 
transformer ard back again to the battery. Vibration of the transmitter mem- 
brane by sound waves changes the contact among the carbon granules and thus 
the resistance of the circuit. Corresponding fluctuations in the direct current 
through the ci-cuit resulte. For such a microphonic effect to be produced, it is 
apparent that shere must be a source of direct current, a complete circuit around 
which the direst current may flow, and a means by which pressure variations of 
the sound waves may produce corresponding variations in the resistance of the 
circuit. 

When these considerations are applied to the experiments being reviewed here, 
it is evident tkat such a ‘resistance-microphone’ phenomenon might occur in the 
experiments in which the electrodes are connected to the amplifier over a trans- 
former. The source of direct current might be provided by an injury potential 
difference of the tissues in contact with the electrodes; the closed circuit by the 
series path from one electrode through the tissues to the other electrode, through 
the primary of the transformer and back again to the first electrode. The circuit 
would contain an inductance and capacity in series due to the inductance of the 
transformer primary and the capacity of the tissues. The tissues must be regarded 
here as & resistance and capacity in parallel, the continuous current passing by way 
of the resistanze branch. The variations in resistance might be produced by the 
vibration of tke active electrode by sound waves reaching it either directly from 
the air, or coming through the tissues from the cochlea or other parts of the 
labyrinth. The latter case we shall consider further on. In a microphonic circuit 
of the sort des^ribed, it is apparent that the amplitude of the current fluctuations 
produced by the vibrating electrode will depend on all of the electrical dimensions 
of the circuit: the resistance, the capacity, and induction of the total circuit, as 
well as the vo tage of the steady electromotive force and the amplitude of the 
fluctuations in resistance. 

(b) Variation of capacity of input circuit. In the investigations in which the 
electrodes are connected directly to the grid and filament and not over a trans- 
former, a resistance-microphonic effect would not be possible, on account of the 
absence of ons essential for such a phenomenon, & continuous circuit for direct 
current. But an analogous phenomenon, dependent on the variation of the 
capacity of the input circuit, would still be possible. The model for this phe- 
nomenon is furnished by the condenser microphone.!? It depends on the principle 
that if a charged condenser connected to an external circuit is subjected to vibra- 
tory pressure changes producing corresponding variations in capacity (due to 
variation in tke separation of the plates or in the dielectric constant of the medium 
between the plates), then an alternating electromotive force will be set up in the 
circuit. This will occur whether the external circuit consists of an ie 

3A. B. Wood, A Textbook of Sound, 1930, 382-402; G. D. Shepardson, T 
phone Apparctus, 1917, 89-99. For derivation of formulae expreasing the ea 
pendence of nicrophonic ee on the characteristics of the cirouit for com- 


mercial circuics, see Shepardso 106-113. 
n or. cit., 395-398; partes B. B. anani Theory of Vibrating Systems and Sound, 


1926, 249 
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resistance, or another capacity (as provided, for example, by the grid-filament 
capacity of a vacuum tube), though the magnitude of the alternating voltage 
across the terminals of the external circuit will depend upon its properties as 
well as upon those of the rest of the circuit. In terms of the conditions of the 
present experiments, the vibrating (active) electrode cen be considered one plate 
of a condenser, and the tissues the other plate. The electromotive force for charg- 
ing the ‘condenser’ is represented by the injury potential difference, as in the case 
above. Vibration of the electrode may produce fluctuations of the capacity and 
corresponding fluctuating currents through the transformer or a fluctuating 
potential difference between the grid and filament of the first tube, if no trans- 
former ig used. It is also possible to regard the condenser as provided by the 
entire stretch of tissue between the two electrodes. As pointed out earlier, the 
capacity of the tissues may be thought of as corresponding to the capacity of a 
group of condensers in series with each other, the occurrence of such a series being 
due to the successive membranes at which a piling up of ions occurs. So the 
fluctuations in capacity of the input circuit might be produced in the tissues them- 
selves by the passage of the sound waves through them. In either case, the 
amplitude of the fluctuating electromotive force produced will depend on all of 
the electrical dimensions of the input circuit: the resistance, capacity, and in- 
ductance in the total circuit, the voltage of the injury potential difference and the 
amplitude of the capacity changes produced by vibration of the electrode or 
passage of the sound waves through the tissues. 


. (4) Vibration of the electrode—sound waves from labyrinth. The 
sound waves responsible for setting the electrode into vibration may, 
as mentioned above, come from two sources, either directly from the 
air or from the cochlea (or other parts of the labyrinth) by way of 
any tissues intervening between the walls of the labyrinth and the 
electrode. In many of the investigations, the active electrode rests 
directly against the wall of the labyrinth (e:g. against the medial 
surface of the petrous bone, when the electrode is around the auditory 
nerve). As is well known, the bones of the middle ear are adapted 
for transforming the sound waves striking the ear drum into vibra- 
tions of greater force, but correspondingly reduced displacement- 
amplitude. Some of the energy of the resultant vibrations in the 
liquids of the cochlea might be expected to be transmitted through 
the bony case of the cochlea, and from there further on through the 
tissues adjacent to the petrous bone. Bone is a good conductor of 
sound. The tissues are aqueous in nature, and water too is a good 
conductor of sound. Sound-conductance in the tissues would, of 
course, be less than in the case of the homogeneous liquid since, in the 
case of the tissues, the additional materials present in the form of 
colloids and suspensions would more quickly damp out the vibrations. 
But just how soon this would occur for a sound of given frequency 
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and energy could be determined only experimentally. Another 
possible path of transmission of vibrations from the cochlea that has 
been suggested is that by way of the auditory nerve out through the 
inner auditory meatus. This too is a possible path, although the 
path by way of the bone-walls of the cochlea (or other parts of the 
labyrinth) is probably of much lower acoustic impedance. 

Asfor the transmission of sound waves in the brain tissues, it seems 
unlikely that this would occur with equal facility in-all directions from 
the petrovs bone. For such equality might be expected only in a 
homogeneous medium. The acoustic conductivity in the different 
directions must depend on the same factors, such as viscosity of the 
medium, reflection, refraction, diffraction, and interference, which 
determine the transmission of sound in general?! The marked 


. differences in the texture and structure of the tissues in the various 


directions about the medial surface of the petrous bone is probably 
coupled, therefore, with corresponding differences in acoustic im- 
pedance. It is conceivable, for example, that the sound waves will 
be propagated relatively better along paths of greater homogeneity, 
such as along the length of nerve trunks and along the paths followed 
by blood vessels. At any rate, in the absence of experimental data 
on the distribution of acoustic impedance in the various parts of the 
brain, it not possible to assume that differences do not exist. If 
sound vibrations are transmitted through the bony walls of the 
labyrinth and further along through the tissues, then such motions 
would be imparted to an electrode resting against the bone or further 
along in the tissues. Both of the microphonic phenomena discussed 
in the last section might then occur. The magnitude of the resultant 
microphoaie effects would, however, depend here on two additional 
factors: the energy of the sound waves in the liquids of the labyrinth 
and the acoustic impedance of the path from these liquids to the 
electrode. | 

(6) Fluctuating potentials: (a) Generated tn the tissues by the pas- 
sage of sound waves. It is possible that the fluctuating potentials 
underlying the ‘bio-microphonic effect! may have been produced in . 
the tissues themselves by the passage of sound waves. In a previous 
section, ve have mentioned the possibility that such a phenomenon : 
may occur as a consequence of changes in the capacity of the tissues 
by sound waves. But we wish to suggest here the possibility of such — 

Wood. op. cit, 229-335. 
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& phenomenon occurring on the basis of certain empirical evidence 
and independently of any hypothesis as to the mechanism underlying 
the phenomenon. 


(1) Osterhout and Hill, as a result of experiments upon the sea-plant Nivella 
report that mechanical stimuli which travel down a cell are accompanied by a 
wave of decreased potential, similar to that which accompanies a wave of excita- 
tion. According to a summary statement of the authors: “Mechanical stimulation 
of Nitella often produces responses resembling propagated negative variations but 
traveling faster and going past a killed spot. They appear to result from & me- 
chanical disturbance traveling along the cell and stimulating each spot it touchea 
(i.e. the stimulus itself travels). They are called mechanical variations to dis- 
tinguish them from propagated negative variations. . . . The all or none law 
does not apply to incomplete mechanical variations, for the response varies with 
the strength of the stimulus." 

(2) As mentioned earlier, De Meyer has reported the production of potential 
changes of considerable magnitude as a result of mechanical distortion of muscles." 
When resting muscle is deformed from the outside in without injury, potential 
differences (as high as 1.5 mv.) occur between it and neighboring points. The 
deformation current appears without latency and is approximately proportional 
to the deformation. The greater the deformation, the more positive is the place. 

(3) A recent report by Keller is also of interest in this connection.“ Keller, in 
commenting upon the significance of the microphonio effect reported by Wever and 
Bray gave some reasons why he believed that it was not due to action currents. 
He said he had found similar phenomena in the vagus and depressor nerves which 
his observations indicated were not a result of true action currents. He found 
that when the experimental animal breathed noisily, the acoustic frequencies 
corresponding to the sounds would be reproduced in the curves of the oscillograph 
used for recording the action currents of the nerve. (Mechanical or acoustic 
transmission to the amplifier he considered to be excluded since the nerve hung 
. loosely on the electrodes and the amplifier was in a soundproof chamber.) He 
found that the effect could also be obtained if a silk thread, soaked in Ringer’s 
solution, was placed around the animal’s trachea and the end of the thread placed 
on the electrodes, or if the string was tied to a monochord and the monochord 
struck. He suggested that the effect might be due to electrostatic displacements 
produced by the vibrations and that the arrangement might be designated as a 
thread-microphone. Such phenomena, he thought, were probably responsible for 
the microphonic effect that had been detected in the auditory nerve. 

The results of these investigations indicate that mechanical 
changes in tissues may produce corresponding variations in electrical 
potential. It is possible, then, that in the investigations made of the 
‘bio-microphonic effect,’ the variations in pressure involved in the 

LW. J. V. Osterhout and S. E. Hill, Electrical variations due to mechanical 
transmission of stimuli, J. Gen. Physiol., 14, 1931, 485. i 

3See footnote 6. 

“Ch. J. Keller, Über ein merkwürdiges Phänomen an Niederfrequensver- 
starkern, Z. f. Biol., 91, 1931, 346-348. 
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transmission of sound waves through the tissues in the neighborhood 
of the active electrode may have given rise to corresponding fluctua- 
tions of electric potential, and so have led to a microphonic effect in 
the teleph»ne.!5 

(b) Generated in the labyrinth. The fluctuating potentials re- 
sponsible for the ‘bio-microphonic effect’ may have been produced in 
the cochlea or some other part of the labyrinth. Whatever the nature 
of the underlying mechanism, the intensity of. the resultant micro- 
phonic effect would depend, presumably, upon the energy of the 
sound vibzations occuring in the liquids, the possibilities for changes 
in the eonzentration of ions, and the electrical impedance of the path 
between the place of origin of the fluctuating potentials and the 
active electrode. 

(c) Generated in the auditory nerve. Fluctuating potentials gener- 
ated in the auditory nerve is the phenomenon which it was the pur- 
pose of tke various investigations to discover. If it can be demon- 
strated that the ‘bio-microphonic effect’ detected is in fact due to 
action pozentials of the auditory nerve, then the fact that such an 
effect occurs is obviously of significance for auditory theory. A 
microphonie effect due to auditory action currents would depend 
presumably upon the energy of sound waves occuring in the cochlea, 
the functional condition of the auditory nerve, and the impedance of 
the electrical pathway between the active point on the nerve and the 
active electrode. 

It has been apparent that every one of the various microphonic 
phenomena which we have examined has its own peculiar conditions. 
Furthermore, the technical and accidental conditions of the various 
investigazions cannot be regarded as identical. There are, for ex- 
ample, differences in the degree of amplification used, differences in 
the way zhe electrodes are connected to the amplifier (and ‘therefore 
differences in the characteristics of the input circuit), and, finally, 
differences in the electrical properties of the tissues involved. The 
last, t.e. the electrical properties of the tissues, cannot readily be 
controlled, and there is no indication in most of the investigations of 
any attempt to control or even to specify them. There is no reason, 

_4’Whetner electrical potentials generated in or near the auditory nerve in 
this way would be capable of stimulating the nerve to conduct auditory-nerve 
impulses, that is to say, impulses that might mediate experiences of sound, is a 
separate question and need not be discussed here. The point involved here is 
that such fluctuating electrical potentials would not be action potentials in the 


customary sense of the term and so could not be used as indicators of the nature 
of the impulses in the auditory nerve. 
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then, for expecting that the same microphonic phenomena will occur 
in the various investigations. Consequently every investigation 
must be examined as a, unit in itself; and even though some particular 
phenomenon may have been excluded as a factor in one investiga- 
tion (or experiment), it does not follow that it has been absent from 
another, unless this fact is specifically stated and demonstrated. It 
is also apparent that the microphonic effect which occurs at a given 
time cannot be assumed to be due to but a single one of the conceiv- 
able microphonic phenomena. It is possible in a given case that a 
number of microphonic phenomena may be involved and that the 
effect detected is a resultant of the component effects of many of 
them; furthermore, the relative share contributed by each of the 
phenomena involved to the resultant effect may shift and change as 
the conditions of the experiment change. With these considerations 
in mind, let us now examine the various investigations to see whether 
any of them provides conclusive evidence that the ‘bio-microphonic 
effect’ or some fraction of it is due to action currents of the auditory 
nerve. | 
INVESTIGATIONS OF THE Bro-MicropHonic EFFECT . 


The investigations that we shall consider here are those of Wever 
and Bray, Adrian,” Adrian, Bronk, and Phillips;? Wever;? Davis 
and Saul;? Hughson and Crowe; Rademaker end Bergansius;? and 
Kreezer and Darge.* We shall take them up as nearly as possible 
in the order of their publication. 


Wever and Bray. As & result of their experiments, Wever and 
Bray came to the conclusion that the microphonic effect detected by 
them was due to action currents in the auditory nerve. Their pro- 
cedure for reaching this conclusion was by a process of elimination. 
Every one of a number of other possible microphonic phenomena are 


“E. G. Wever and P W. Bray, The nature of acoustic response, J. Ezper. 


Psychol. I3, 1930, 
"E, D. Adrian, : TEST microphonic action of the cochlea: an interpretation of 
Wever and Bray's ents, J. ruis dm 1931, Xxvili-xxix. 
15E, "D. Adrian W. Bronk, and G The nervous origin of the 
Wever and Bray effect, J. Physiol., 73, 1931, 2- 
. G. Wever, Impulses m the acoustic nerve of the guinea pig, rabbit, 
iid: rat, ie J ons ER 1937 roses 
l xH., Da Action ee in the auditory tracts of the mid- 
brain of ec cat, uhr 74 1931, 2 
nw, Hughson and B owe, Function of the round window, J. Amer. 
Med. cay 1 1931 pape cir 
emaker and F. L. Bergansius, Expériences sur la physiologie de 
Fou Sen ‘neerl. de ph stol., 16, 1931, 346-349. 
. Kreeser and Dae Au itory action currents, Science, 75, 1932, 105. 
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considered in turn and experiments performed to determine whether 
it could be considered responsible for the effect. Every one in turn is 
judged to be excluded by the results of the experiments, and a final 
experimen; is then made to decide between the two remaining pos- 
sibilities, resulting in the conclusion mentioned above. Let us now 
examine these experiments more closely. | 

(1) Induction. The authors state that- “induction effects are of 
first impoztance in the use of a sensitive electrical system if the 
stimulus is electrical or magnetic in nature." They have therefore 
avoided tke use of such stimulating apparatus and were content with 
the use of air-sources of sound. Tuning forks too were avoided since 
they found “that if they are placed before the animal’s ear in the 
ordinary way the vibration of their magnetic fields—for they. seem 
invariably magnetized—sets up induced currents in the lead-in 
wires.” The authors state that tests show that tuning forks as well 
as audio-oscillators ‘cen be employed if the animal and the electrode 
wires are carefully shielded.” But they conclude “‘it has been simpler 
in these p-eliminary experiments to use wind sources of sound.’™ 

It is apparent from the authors’ account of the measures they 
adopted to avoid induction effects that they had in mind only those 
induction effects which might have been due to the production of 
fluctuatinz electromagnetic fields by the sources of stimuli, and that - 
to avoid tnem they have limited themselves to wind sources of sound. 
As has been indicated earlier in this paper, and in a recent note,” 
fluctuatinz fields synchronized with the sound waves might have been 
generated in other ways than by the stimulus-sources. Wever and 
Bray, in £ recent note, say merely that “it should be unnecessary to 
state” thet such effects were not involved in their experiments. We 
fail to see, however, that the absence of such induction effects can be 
assured except by the use of the precautions we have mentioned in a 
`- previous section, and which involve a final test of the effectiveness of 
any shielding that may be in use, with proper regard for the influence 
of the characteristics of the input circuit upon the results of such a 
test. There is no indication in any of Wever and Bray’s reports that 
such measures were taken. | 

Ay 1 
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E. G. Wever and Bray, Taw and Darge on auditory action currents, 
Science, 75. 1932, 267. 
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(2) Microphonic effect of amplifier tubes. The microphonic effect 
of amplifier tubes seems to have been effectively avoided by placing 
the amplifier in a soundproof room and the preparation in another 
room about so ft. distant. 

(3) Mechanical action of the electrodes. In explaining what is 
meant by the phrase “the mechanical action of the electrodes," the 
authors say: “It is easy to imagine that the pressure variations of the 
air cause slight movements of the electrode wires in the tissues, and 
that these movements produce a change in resistance between the 
electrodes or a change of inter-electrode potential. If the electrodes 
are placed on dissimilar tissues an inter-electrode potential and hence 
a more or less steady direct current is doubtless present, and changes 
of the sort suggested would act on the amplifier so as to produce an 
audible signal corresponding to the stimulus.’’” A number of experi- 
ments were performed to test this possibility. The authors found 
that the effect was eliminated: (1) when the electrodes were placed in 
other tissues, away from the acoustic region (with certain excep- 
tions); (2) upon death of the animal; (3) as a result of the destruction 
of both cochleas; (4) upon restriction of the blood supply to the head; 
and (5) as & result of a simultaneous polarizing current sent through 
the tissues between the two electrodes (active electrode around the 
nerve and indifferent electrode on cerebral tissue). They considered 
this evidence “effectively to eliminate mechanical action at the 
electrodes, and to indicate the cochlear origin of the effecta." 


But in the case of no one of these checks is there any assurance 
that the conditions which produced loss of the microphonic effect did 
not also produce changes in the electrical properties of the tissues 
upon which the air-vibration phenomenon depends. For this micro- 
phonic phenomenon depends not only on whether sound waves from 
the air are available for striking against the electrodes, but also on 
the electrical properties of the tissues between the electrodes—the 
magnitude of the injury potential difference, and the capacity and 
resistance of the tissues. If changes occurred in these properties 
that would reduce ai all the magnitude of the effect due to vibration 
of the electrodes, then the checks obviously would be valueless as 
demonstrations that air-vibration effects were not involved. In the 
case of all of these checks (except possibly that with the polarizing 
currents), a certain decrease in the total microphonic effect was to be 


27Wever and Bray, op. cit., J. Exper. Psychol., 13, 1930, 381. 
28I bid., 381-384. 
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expected from the elimination of the components dependent on 
energy derived from the cochlea; consequently if any additional de- 
crease might be expected from changes in the factors underlying 
air-vibration phenomena, then the checks would lose any validity 
they might otherwise have had. Unfortunately, Wever and Bray 
present no evidence to show that such changes in the electrical 
properties of the tissues did not occur, an omission which deprives 
the checks of any claims to conclusiveness. Below is presented some 
evidence which indicates that the checks performed would, in fact, 
have been likely to alter the electrical properties of the tissues between 
the electrades. To just what extent such changes occurred in the 
experimenzs of Wever and Bray, and the extent to which they de- 
termined heir results could have been determined only under the 
specific conditions of their experiments. 


In experiments of Kreezer and Darge,?® marked differences were found be- 
tween the electrical impedance of tissues in the neighborhood of the acoustic 
nerve and tke impedance of tissues in other parts of the body such as were selected 
by Wever and Bray for their checks. The experimental object was a living cat 
which had been prepared for the experiment in the manner followed in the experi- 
menta of Wever and Bray; that is to say, the cat was placed under ether, the 
carotid arteries were tied, and the cat decerebrated. Measurements of impedance 
were made by means of Wheatstone bridge and telephone; an audio-oscillator 
served as a cource of alternating current. To measure the impedance of the brain 
tissues in th2 neighborhood of the acoustic nerve, one electrode was placed besides 
the petrous bone, near the acoustic nerve, and the other electrode on the opposite 
side of the brain-stem, just caudal and dorsal to the ventral edge of the tentorium. 
Following are some illustrative measurements. At an alternating frequency of 
450 cycles rer sec., the impedance was 1340 ohms; at a frequency of about 800 
cycles, impedance was 1310 ohms. Then one electrode was placed around the 
saphenous nerve in the leg, and the other under near-by skin tissue. At 450 cycles 
impedance vas 2500 ohms, at 800 cycles it was 2450 ohms. With one electrode 
around the nerve, and the other in muscle tissue I cm. away, the impedance at 


The experiments upon the electrical impedance of the tissues that are re- 
ferred to in the present section were all performed in collaboration with Mr. 
Hans Darge and will soon be published. The impedance (Z) of the tissues mea- 
sured here i3 a function both of the effective resistance and of the capacity of the 
tissues. The influence of particular changes in capacity and resistance of the 
tissues upom the total impedance of an input circuit containing & transformer 
would depend, of course, upon the magnitude of the self inductance of the primary 
of the transformer as well as upon the capacity and resistance of the tissues. 
Calculationa of the impedance of the total circuit could be made only if the 
individual values of the capacity, resi and self-inductance were known. 
It will be recalled that impedance takes the place in alternating current formulae 
of resistance in Ohm’s law for direct currenta. That is to say, the impedance of a 
circuit to zlternating currents equals the effective voltage of the alternating 
Scu ODIUM force divided by the effective value of the total current in the 
circui 
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450 cycles was 2120 ohms; at 800 cycles, 2030 ohms. With both electrodes in 
muscle at a distance apart of 1 cm., the impedance at 450 cycles was 2310 ohms; 
at 800 cycles, 2200 ohms. With one electrode in muscle and the other in fatty 
tissue 4 cm. away, the impedance at 450 cycles was 3400 ohms; at 800 cycles, 
3250 ohms. In these experiments Kreezer and Darge did not expect to duplicate 
the exact positions which the electrodes had had in the checks; for that, the 
descriptions are not precise enough. They wished merely to see whether, when 
the electrodes are placed first in the acoustic region and then in other parts of the 
body such as were used for the checks, any marked differences in the impedance 
of the tissues would be found. That such differences were found is clear from 
the figures reported. 

The experiments of Kreezer and Darge algo showed that marked changes in 
the impedance of the brain occur upon the death of the cat. The experimental 
animal was prepared as in the experiments just described, and the electrodes in 
the brain were located as before—one near the auditory nerve and the other on 
the opposite side of the brain-stem near the tentorium. The following figures, 
obtained in one of the experiments, are indicative of the changes occurring with 
death. Measurements of the electrical impedance of che tissues were made at 
5-min. intervals for a period of 216 hr. The cat breathed regularly without the 
aid of artificial respiration since the centers in the medulla had not been injured. 
The rubber tube leading to the trachea was then clamped and the cat permitted 
to die. The impedance to a frequency ‘of 450 cycles just before death was 1260 
ohms, at about which level it had been during the previous period of measure- 
ments. After death, the impedance rose steadily: 16 hr. after the heart stopped 
beating it was 1660 ohms; 1 hr. later it was 1820 ohms. A parallel rise in the 
impedance occurred for a frequency of alternating current of 800 cycles, at a 
slightly lower level of impedance. 

. That failure of the circulation is accompanied by changes in the electrical 

properties of the tissues is indicated by the results which have just been cited 
upon changes in impedance after the heart stopped beating. The investigations 
of Galleotti®® and Von Bud" on the changes in the resistance and capacity of 
tissues with the onset of death are also relevant here. Hermann reporta too a 
decrease in the injury current of nerves with the onset of death (more rapid for 
warm-blooded animals), and with fall in temperature. In general, the close 
correlation that has been found to exist between even slight changes in the func- 
tional condition of an animal and the electrical properties of the tissues indicates 
that changes in the blood supply to the tissues would be likely to alter their 
electrical properties.” 

The changes in these properties which might be produced by cochlear de- 
structions would probably be dependent on any disturbances that these destruc- 


" 2 Biol #9 Über die elektrische Leitf&higkeit der tierischen Gewebe, 
. 48 10 1902, 301-316; 45, 1904, 65-78. 
sd. von Bud , Permeab bilitát and. Autolyse, ds f. Biol., Hie 1927, 108-114. 
aT, Hermann, Handbuch der P is ker e LARA 
2G. W. Crile, H. R. Hosmer an ectrical conductivity 
of animal tissues under normal and D conditions, Amer. J. Physiol., 
60, 1922, 59-106; W. J. V. Orechoue J Injury, Recovery, and Death in Relation to 
Conductivity and Permeability, 1922, 15-20; Gildermeister, op. cit, 657-681; 
Lillie, op. cit., 299-336. 
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tions might produce in the blood supply to the tissues of the head. Such dis- 
turbance of the blood supply becomes not unlikely when we consider the situa- 
tion of the experimental animal as a result of the technique that had been followed 
in making it ready for the experiments. The tying of the carotid arteries and 
decerebratior. would mean that the sole blood supply to the tissues of the head 
and, therefore, to those included in the input circuit, would now be by way of 
vessels suppled by the basilar artery and the two vertebral arteries which supply 
it. Destruct.on of the cochleas could scarcely avoid rupturing the vessels supply- 
ing them, tke two auditory arteries which branch off from the basilar artery. 
Such a rupture would drain away blood coming through the basilar and vertebral 
arteries and 2onsequently disturb the distribution of blood to the regions of the 
head supplied by branches of the basilar artery. 

Kreezer end Darge also performed experiments upon the effect of a simultan- 
eous polarizing current on the impedance of the tissues to alternating currents. 
The previous arrangement used for measuring the impedance of the tissues was 
combined wizh a battery and a potentiometer to serve as a source of direct current. 
The two electrodes were placed in the brain-tissues as in the previous experiments 
described. Following are figures which represent typical results. In this list the 
first quantity, in volts, refers always to the voltage of the direct current supply; 
the second figure to the impedance of the tissues to an alternating current of 450 
cycles sent cimultaneously through the same tissues: o volts, 1360 ohms; 1 volt, 
1360 ohms; 2 volts, 1420 ohms; 3 volts, 1420 ohms; 4 volts, 1600 ohms; 5 volts, 
1880 ohms; 6 volts, 2070 ohms; 7 volts, 2180 ohms; 8 volts, 1930 ohms. Fora 
setting of o volts made immediately after the previous measurements, the im- 
pedance was 1420 ohms. About an hour after the polarizing current had been 
discontinuec. the impedance had dropped back again to a relatively steady value 
of 1340 ohms. A curve of the same form was obtained for an alternating current 
of 800 cycles, at a slightly different level of impedance.™ These results show 
clearly the marked change that is produced in the electrical properties of the 
tissues by a simultaneous polarising current. In Wever and Bray’s experiment it 
had been found that polarising currents of from 4-8 volts were sufficient to elim- 
inate the m-crophonic effect. | 

This account is enough to show that a constancy in the electrical properties of 
the tissues under the conditions of Wever and Bray’s checks cannot be assumed. 
These checks, however, have failed to take account of the possible changes and 
cannot, therefore, be regarded as conclusive. 

(4) Mechanical action of the cochlea. By the mechanical action of 
the cochlea Wever and Bray refer to the microphonic phenomena 
dependen: upon vibration of the electrodes by sound waves which 
may be transmitted from the cochlea, rather than directly from the 
air. As expressed by the author, “it may be supposed that the 
cochlea, being especially sensitive to aerial pressure variations, picks 

“The direct current voltage between the electrodes in these experiments is 
about three fourths of the applied electromotive force of the total circuit, as 
drawn from the potentiometer, on account of the potential difference drop in the 


circuit befare the animal. The figures given above for the voltage are for the 
total circuit. 
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up and transmits these variations to the substance of the nerve in & 
mechanical fashion, and the resulting movements of the nerve against 
the electrode vary the inter-electrode potential and thereby produce 
the response.” Against this possibility the authors argue “that 
nerve substance is a poor mechanical conductor’ and that “this 
would be especially true of the auditory nerve, since it originates in 
small filaments which later unite into the larger trunk emerging from 
the internal meatus.” But as we have already pointed out, the 
auditory nerve is not the only path for sound waves propagated from 
the cochlea, or indeed, the best conducting one. Another and prob- 
ably better path is provided by the bony cass enclosing the liquids of 
the cochlea. The authors add as a further argument that “the 
cessation of the response on the death of the animal and on the intro- 
duction of a polarizing current into the nerve argues against mechani- 
cal action of this kind, as it seems unlikely that such action should be 
seriously impaired by these changes.” - But as has been also noted 
above, such changes in the animal modify certain of the electrical 
properties of the tissues, which are also an essential factor in micro- 
phonic phenomena dependent upon “mechanical action of the 
cochlea." 

Three additional experiments are cited as furnishing more positive 
evidence against the possibility that the microphonic effect is due to 
“mechanical action of the cochlea:” (a) the persistence of the effect 
when an attempt was made to eliminate the inter-electrode potential; 
(b) the fact that the response is fairly well localized in certain tracts of 
the nervous system; and (c) “the cotton and film" experiment. 


(a) Experiments to eliminate the inter-electrode potential. Wever and Bray 
point out that the microphonic phenomenon under consideration would require 
the presence of an inter-electrode potential and they state that “under ordinary 
conditions, where the two electrodes are on dissimilar tissues, such & potential is 
the rule. An effort was made, therefore, to reduce or eliminate such a potential as 
a check against the artifact suggested. In certain experiments non-polarizable 
electrodes of the silver-chloride type were used, one on the nerve and the other in 
the cerebrum. The response continued as before. Two silver-chloride electrodes 
were then imbedded in an insulating cement at a distance of 2 mm., and both 
placed in contact with the nerve.” “By this means,” they continue, “we sought to 
avoid an inter-electrode potential by having the electrodes on similar and adjacent 
tissue, and by the embedding cement to avoid the possibility of alterations of the 
distance between the electrodes through any movements in their neighborhood. 
The responses continued as strongly as before, but perhaps with a certain amount 


Wever and Bray, op. cit., J. Exper. Paychol., 13, 1930, 384 f. 
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of distortion. It occurred to us that such distortion might be the result of the 
reception of diphasic action currents (cat 10). 

As has been noted in an earlier section, the inter-electrode potential may de- 
pend not only oa the polarization of the electrodes and their presence in different 
tissues, but on differences in injury, pressure, or temperature of two places on the 
same tissue in contact with the electrodes. The means adopted by Wever and 
Bray for eliminating the inter-electrode potential cannot, therefore, be regarded 
as adequate. Its elimination must be demonstrated, not assumed. Nor does the 
mere imbedding of the electrodes in insulating cement guarantee the elimination 
of relative movement between the tissues and the electrodes. But even if these 
measures had sufficed to eliminate the possibility of microphonic effects due to 
vibration of th» electrodes, the resulta would not demonstrate that this phe- 
nomenon was not involved in any of the experiments (which, we take it, is the 
point of the checks). The persistence of the effect after the measures taken to 
eliminate the inter-electrode potential, etc. could, at most, mean that other 
causes for the nicrophonic effect exist, that microphonic effecta dependent upon 
vibration of the electrodes are not the only possible ones. Of these other pos- 
sibilities there are, as shown above, & considerable number. But it would not 
follow that the microphonic phenomena dependent on vibration of the electrodes 
could then be regarded as absent from all of the experiments. For if a given 
phenomenon sbould be eliminated in certain experiments, by elimination of some 
of its essential conditions, it obviously does not mean that this phenomenon would 
also be absent hen the essential conditions are not eliminated. 

(b) Path of iransmtssion. Wever and Bray cite as additional evidence against 
“any hypothess of mechanical transmission” the fact that the response is fairly 
well localized in certain tracts of the nervous system and that “the currents can 
be picked up ecrosa the medulla and from the brain stem, at distances which 
would seem toc great for mechanical action to be effective. Under the same con- 
ditions, other tissues equally distant from the nerve do not give the effecta." 9 
These results sre of significance as checks against “mechanical action of the 
cochlea” only if it is true that the distances are ''too great for mechanical action 
to be effective, ' and if the transmission of sound waves is as good to places in the 
tissues where tae effect is not picked up as to those where it is detected. Without 
proof of these statements, the results reported cannot be regarded as adequate 
checks. ; 

(c) The ‘coton and film! experiment. This experiment is designated by the 
authors as one of the best checks they have and so it merits particular considera- 
tion. It was made possible by the exceptional cases in which the response was 
obtainable from tissues off the nervous system. ‘It was found that the active 
electrode placed on & lump of wet cotton resting on the temporal bone, and the 
inactive electrode on distant muscular tissue, picked up the responses readily. 
But if a piece of dry collodion film were interposed between the cotton and the 
bone the respcnses disappeared. Yet if a small strand of the cotton was picked 
up with the forceps and carried over the edge of the film so as to make contact 
with the moist bone or muscular tissue beneath, the response returned (cats 11, 8). 
The experimemt yielded the same results if both electrodes were on the cotton 
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(cat 11). As the manipulation of the strand of cotton did not alter the mechanical 
features of the situation in any essential manner, we may conclude that the 
transmission concerned is electrical rather than mechanical in nature.’ 

Let us consider first the case in which the active electrode rests on wet cotton 
and the indifferent electrode on distant muscular tissue. The collodion film be- 
tween the cotton and the tissues obviously breaks the circuit between the elec- 
trode and the tissues. The authors forget that this connection is as necessary for 
the microphonic phenomenon under discussion as it is for those dependent on 
electrical changes coming from the tissues or the cochlea. For how can variations 
in resistance, produced by vibration of the electrode, lead to microphonic fluctua- 
tions of current unless there is a closed circuit so that currents may flow? The 
provision of the moist cotton switch makes it possible, not only for electrical 
changes in the tissues to be detected by the electrode, but also for ‘mechanical 
action of the cochlea’ to become capable of producing a microphonic effect. To 
use this experiment to prove that the microphonic effect does not depend on 
vibration of the electrodes would be like trying to prove that the microphonic 
effect produced by a carbon or condenser microphone does not depend on me- 
chanical vibrations since the effect disappears when the part of the circuit leading 
to the battery is broken. 1 

When the electrodes are both on cotton, the situation is somewhat different. 
This variety of the check is like removing the battery from a carbon or con- 
denser microphone circuit and connecting together the two leads (by a bit of 
moist cotton). Obviously, under such conditions, the mierophonie effect pro- 
duced by the sound vibrations will disappear. With both electrodes on the cotton 
there is no way by which injury currents can provide the inter-electrode potential 
which is necessary in order for ‘mechanical action of the cochlea’ to be effective. 
The effect which appears when the connection is made with the tissues beneath, 
by the moist cotton switch, might be due to any or all of a number of causes—- 
electrical changes in the tissues produced by the passage of sound waves, electrical 
changes originating in the cochlea, or acoustic action currents. The occurrence of 
& microphonic effect under these conditions in no way proves, however, that the 
microphonic phenomena dependent upon vibration of the electrodes were not 
present in the other experiments and will not also appear when the conditions 
essential to them are provided—contact of the electrodes and the tissues. 


(5) Source of electric effects. Assuming that all the microphonic 
phenomena previously considered have now been shown to be ab- 
sent, the authors ask “whether the electrical effects shown to be 
correlated with the sound have their source in the sense organ or in 
the nerve." As conclusive evidence in favor of nerve transmission, 
the following experiment is reported: “The right cochlea was destroyed 
completely, and the impulses tested from both the left nerve and the 
brain stem. The left auditory nerve was then severed. The re- 
sponses were no longer obtainable from the brain stem. ‘They were 
still obtainable from the stump of the left nerve, however, and con- 
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tinued to be so for some time. Just after severing the nerve the re- 
sponses from the stump were of normal intensity, but the intensity 
died away during the next few minutes, and finally the signals 
ceased. Care was taken in the transection of the nerve to leave the 
tissues in contact, and a quantity of salt solution was introduced be- 
fore and after the transection; it seems reasonable to say that the 
electrical conductivity of the tissues was not appreciably altered by 
severing the nerve. As the responses were completely eliminated, our 
conclusion is that these responses are due to nerve conduction 
(cat x11).’* The logie of the authors seems to be then that the tran- 
section of the nerve, especially since a quantity of salt solution was 
introduced, should not have produced any change in the electrical 
conductivity to tissues beyond the cut, while it would stop the propa- 
gation of nerve impulses beyond this point. That the effect was 
eliminated on the far side of the cut is taken to indicate that the effect 
could not have been due to electrical spread from the cochlea; that 
it was still found in the stump of the nerve is regarded as in agreement 
with what would be expected if the effect were due to action currents. 

This argument is faulty for two reasons: first, because the elec- 
trical conductivity from the cochlea to the brain stem may not be 
considered as good after the section of the nerve as before; and sec- 
ondly, because the electrical changes detected at the stump of the 
nerve could not have been due to action currents generated at that 
point. There are a number of reasons why it may not be assumed 
that the electrical conductivity from the cochlea to the brain stem 
was as good after the nerve was severed as before. Kato, in another 
connection, has shown that even crushing a nerve decreases its 
electrical conductivity.“ Moreover, the nerve could scarcely have 
been severed without severing the auditory artery that runs along : 
with it, as has been suggested too by Adrian. Loss of blood upon 
collapse of the vessel might be expected to alter the conductivity of 
the entire ‘cable’ composed of the auditory and facial nerves and 
auditory artery. Results from the therapeutic administration of 
electric currents to the body indicate that the currents, to a large 
extent, follow the paths laid out by the blood vessels. ‘Therefore, 
cutting the blood vessel would very materially alter the conductivity 
along the path traced by the vessel. Moreover, the injection of salt 


uG, Kato, Tha Theory of Decrementless Conduction in Narcotized Region of 
Nerve, 1924, 75. : 
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solution might be expected to hinder the transmission of electrical 
changes to tissues beyond the place of the cut, rather than to aid it. 
For a given quantity of electricity that was spreading out from the 
cochlea to regions of lower potential would be dissipated throughout 
the mass of the liquid injected. The amount of electricity that would 
reach the stem beyond the cut would be so much the smaller on ac- 
count of much of the charge having been thus dissipated. For these 
reasons, it is more probable that the electrical conductivity between 
the cochlea and the brain stem was decreased by cutting the nerve 
than that it was not. 

That the effect detected at the stump of the nerve was due to 
action currents is improbable. If the nerve had been cut it would 
be showing a steady injury potential at the stump. Action potentials 
could not be detected at that point since action potentials disappear 
- when the nerve impulse reaches a region of injury, or rather, the 
nerve impulse as well as the action potentials are extinguished on 
reaching a region of injury. It is this very fact that is made use of in 
physiological technique for obtaining monophasic action currents in- 
stead of diphasic ones, the fact, namely, that an electrode resting 
upon an injured place is not affected by the action potentials of nerve 
impulses being transmitted toward that point. Consequently, any 
electrical changes pieked up by the electrode &t the stump of the 
nerve must have been conducted to it by the tissues at the stump 
acting as an inert conductor of electrical potentials generated else- 
where. 

The results of this experiment may, however, be readily accounted 
for without the difficulties involved in the ‘action current hypothesis’ 
given by Wever and Bray. Cutting the left nerve probably also 
involved the rupture of the artery running along. with it. This may 
have had as effects: a decreased conductivity of the tissues from the 
cochlea to the brain stem; a decrease in the ‘strength’ of functioning 
of the cochlea, due to interference with its blood supply (Adrian re- 
ported that a disturbance of the blood supply led to a decrease in the 
microphonic effects obtained from the cochlea); and finally a change 
in the electrical properties of the tissues about the electrodes (inter- 
electrode potential, and the capacity and resistance determining the 
impedance of the input circuit). The decrease in the ‘strength’ of 
functioning of the cochlea would lead in turn to a decrease in the 
amplitude of the electrical changes produced there, as well as to a 
decrease in the energy of sound vibrations in the cochlear liquids, 
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and therefore of the vibrations propagated from these liquids to the 
tissues outside. © All these changes may have contributed to the loss 
of the micrcphonic effect on the stem. The fact that the effect was 
still obtainable from the stump might be accounted for by the facts 
that: (1) th» electrode, being pressed up against the stump, and the 
petrous bons, would be in a better position to respond to amy sound 
vibrations that were being propagated through the bony wall of the 
cochlea than when resting on the tissues of the brain stem; (2) the 
inter-electrcde potential might be greater now, on account of one 
electrode resting on the freshly cut nerve; and (3) there would be a 
better electrical conducting path between the electrode and the source 
of electrical changes in the cochlea. | 

This lag; experiment completes the checks performed by Wever 
and Bray to demonstrate that microphonic phenomena other than 
action currents of the auditory nerve were not responsible for the 
bio-micropkonic effect. Except for the measures taken to avoid the 
microphonie effect of the tubes, it is apparent, however, that the 
experiments performed have not been adequate to show that the other 
phenomena, considered were not factors in the effect. 


Adrian. The procedure followed by Adrian to determine whether 
the microphonic effect was due to action currents in the auditory 
nerve was somewhat different from that of Wever and Bray, who, 
as we have seen, chose as their point of attack certain of the phe- 
nomena, which may have been responsible for the effect other than 
action currents. Adrian concerned himself, rather, with the influence 
upon the effect of a number of conditions that might be expected to 
eliminate o7 seriously interfere with action currents. As a result of 
these experiments, he concluded that “‘it is almost certain that the 
electrical changes are generated in the cochlea and are not due to 
nerve impulses.. The chief reasons for this view are that the effects 
are obtained with electrodes so far from the nerve that the usual action 
potentials vould have little chance of reaching them, and that they are 
unchanged by conditions which would seriously interfere with nerve 
conduction.” He states further that “the effect led off from the 
nerve, the medulla, or the cerebellum can scarcely be due to impulses 
in the nerve fibers under the electrodes since it persists unchanged 
after the kare nerve has been covered with novocaine crystals or 
with lumps of ice or injected with 5% acetic acid. It is not then due 


“Adrian, op. cst., Xxviii-xxix. 


AUDITORY ACTION CURRENTS 66x 


to nervous conduction from the opposite cochlea, for this may be 
destroyed. Partial crushing of the nerve makes little or no differ- 
ence. Crushing the entire nerve or cutting it through reduces or 
abolishes the effect, but the arteries to the inner ear run with the 
nerve and I have found it impossible to avoid damaging them as 
well. As Wever and Bray have shown, interference with the blood 
supply usually abolishes the effect, possibly owing to pressure changes 
- in the inner ear.” Adrian points out that the detection of the electric 
changes by an electrode on the nerve is understandable since the 
internal meatus is a hole “which will provide a low resistance pathway 
into the inner ear and an electrode on the nerve will tap this pathway.” 
He considers it unlikely that the electric changes are generated by 
nervous elements in the cochlea since the reproduction of sound may 
persist unaltered after cooling the petrous bone with ice. He finds 
that “oscillograph records reproduce the wave form of the sound and 
the curves show no sign of being built up of nerve impulses." Adrian’s 
stand is then that the electrical changes detected by him were prob- 
ably generated in the cochlea, that it is improbable that these were 
produced by nerve elements in the cochlea, and that the effect which 
was detected by an electrode on the nerve was merely due to the nerve 
conducting the electrical changes as would an inert conductor, and 
was not produced by action currents of the nerve. 

Adrian, Bronk, and Philips. The experiments of Adrian, Bronk, 
and Phillips were performed to determine to what is due the electrical 
changes that can be detected in the cochlea. As a result of the 
experiments, they state that the objections previously raised by 
Adrian to Wever and Bray’s explanation of the mierophonie effect 
turn out to be not very serious, and conclude that the electrical 
changes in the cochlea are due to nervous structures of some sort. 
They add that the situation of the nerve fibers in the cochlea may favor 
the development of large potentials and that the intra-cranial part of 
the nerve may appear to act as an inert conductor because it is un- 
favorably placed for electrical recording and more liable to damage 
than the intra-cochlear part. It should be noted, however, that the 
experiments of Adrian, Bronk, and Phillips do not change at all the 
validity of the results of Adrian’s previous experiments which tend to 
show that the electrical changes led off from the nerve were not due to — 
impulses in the nerve fibers under the electrode. For the present 
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investigaticn is not upon this point; it is concerned only with the con- 
ditions of the effect which can be picked up by an electrode on the 
wall of the cochlea.” . 

We may now examine the experiments which led these authors to 
the conclusion that the electrical changes picked up from the cochlea 
were due to nerve elements of some sort in the cochlea. To support 
this conclusion, three lines of evidence are presented: (a) final dis- 
appearance of the microphonic effect after death of the animal or 
after failure of the blood supply to the inner ear (after 114 hr. for the 
guinea pig and about 14 hr. for the cat); (b) failure of the effect as a 
result of injections of cocaine solution through the round window or 
the wall of the guinea pig’s cochlea; and (c) weakening of the effect 
upon cooling the cochlea of the guinea pig with ice. The authors 
conclude taat “these results all indicate that the Wever and Bray 
effect is due to living cells and cease with their death, and the action 
of cocaine makes it likely that nerve endings, nerve cells or nerve 
fibers are responsible.” 4 

Let us consider first the evidence that the microphonic effect is 
due to living cells. In order for the evidence to be conclusive there 
must be frst a precise correlation between the changes that .the 
experimenzs would be known to produce in living cells and the changes 
occurring :n the microphonie effect; and secondly, the changes pro- 
duced in tre effect should be explainable in no other way. 

(a) Deata or failure of blood supply. In the experiments upon the effect of 
death or fai.ure of the blood supply to the inner ear, there was found to be an 
initial fall in intensity when the circulation failed, then a continuation of the 
effect on about the same intensive level for from 1-174 hr., and finally a complete 
disappearanze of the effect. The authors attribute the initial fall in intensity to a 
mechanical eausge such as the collapse of vessels, and not to a failure of the oxygen 
supply. Tte fact that the effect finally disappears is taken to indicate that the 
electrical changes are due to the activity of living cells. 'T'he necessary positive 
correlation of changes in the effect and in living cells is then not very complete. 
For there is no evidence that living cells did or would be likely to cease functioning 
at the partizular time that the microphonic effect failed. AI that can be said is 
that this megy have occurred. Furthermore, the final failure of the effect may have 
been due to other causes, e.g. the final drying up of the liquids beyond a certain 
necessary level. 

(b) Cocaine injections. A rapid failure of the effect was produced by injection 
of 10-20% cocaine solution into the round window or through the walls of the 

“In thig experiment, the electrical changes from the cochlea were picked up 


by a moist ~hread electrode placed on the ventral surface of the petrous bone and 
it was therefore unnecessary to open the cranium, as when the auditory nerve is 


exposed. l 
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cochlea. “The injection of saline," the authors state, "usually leaves the effect un- 
impaired if no great damage is done,” and add that “although the variable amount 
of damage confuses the issue the effect of cocaine seems incontestable.” It is 
difficult to regard this experiment as conclusively demonstrating the influence of 
cocaine, in view of the lack of precise knowledge of the damage done inside the 
cochlea by the various injections. That the cocaine was the responsible agent 
could hardly be considered conclusive without statistical data. But even though 
the cocaine should be regarded as a contributing factor in the failure of the effest, 
it need not be concluded that living celis were therefore involved. Such a con- 
clusion would be justified only if the influence of cocaine could be regarded as 
limited to living cells. A significant property of cocaine, as well as of other 
narcotics, is that it is a non-electrolyte; and its influence upon living cells probably 
depends in large measure upon this property (in conjunction with other essential 
properties). But the production of electrical fluctuations in the cochlea and their 
conduction to the electrodes must depend in some way upon the presence of 
electrolytes, upon the possibility of changes in the concentration of ions. In- 
jection of a non-electrolyte would naturally produce changes in the concentration 
and state of equilibrium of any electrolytes that might be present in the cochlear 
liquids. There seems no need for assuming that these changes must take place 
inside of living cells. 

(c) Cooling the cochlea. The weakening of the effect upon cooling the cochlea 
does not necessarily indicate the participation of living cells. Temperature is a 
noteworthy condition of many physical and physico-chemical processes not in- 
volving life, including many of the phenomena involved in the generation of 
electromotive force in electrolytes.” The effect of temperature upon such pro- 
ceases might have been responsible for the weakening of the microphonic effect 
obtained from the cochlea. 


The evidence that the living cells, if they are actually involved, 
are nerve cells is still less decisive. The only evidence presented is the 
result of the experiments with cocaine, the inconclusiveness of which 
has already been indicated. Besides, the action of narcotics is not 
limited to nerve cells; they interfere as well with the functioning of 
other kinds of living cells. 

As for the significance of the conclusion that nerve elements of 
some sort are involved in the production of the electrical changes in 
the cochlea, even though this statement had been conclusively . 
established, it would not follow that such electrical effects are like- 
wise generated along the extent of the auditory nerve. The electrical 
changes in the cochlea might have arisen at the surfaces of contact 
between the nerve-endings and the quide of the cochlea. It is well 
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known thai the surfaces of contact between two different media have 
properties very different from the main body of either medium alone. 
Therefore, even if electrical changes of the frequency of the stimuli 
should be generated at the junctions of the nerve-endings and the 
cochlear liquids, it could not be assumed that like changes would 
occur throughout the extent of the auditory nerve, as action currents 
of impulses in this nerve. (Though, of course, one should expect such 
electrical changes in the cochlea to be. conducted along the nerve in 
its róle as an inert conductor.) Finally, it may be pointed out that 
the experiments of Adrian, Bronk, and Phillips do not demonstrate 
that the electrical effects detected were actually generated within the 
cochlea its2lf. They may also have been generated at the electrode by 
the sound waves transmitted through the walls of the cochlea. 


Wever. In this study, Wever reports the detection of the ‘bio-- 
microphorie effect’ in the guinea pig, rabbit, and rat. He reports 
one new check, which was designed to test the hypothesis that the 
bio-microrhonic effect “might be due not to nerve impulses but to a 
condenser action of the drum and associated ossicles.’”*! The check 
was performed on one guinea pig and on one cat. It consisted in the 
destruction of the right cochlea and of the left vestibule, care being 
taken to avoid modification of the ear drum and the ossicles. Upon 
the completion of these operations the microphonie effect failed to 
occur. This check, though it may exclude the hypothesis it was 
designed to test as a possible explanation of the microphonic effect, 
obviously does not exclude as possible causes any of the microphonie 
phenomena dependent on the occurrence of sound waves in the cochlea 
or other parts of the labyrinth, since they would all be eliminated by 
the operations performed. 


Davis and Saul. The experiments of Davis and Saul involved 
certain d-fferenees in experimental technique from that of their 
predecessors. A stethoscope was fitted to a decerebrate cat. Sound 
stimuli could be sent to one ear or the other by clamping the appropri- 
ate arm of the stethoscope. The stimuli consisted of taps delivered 
to the bell of the stethoscope and of other sounds delivered through a 
funnel in 5lace of the stethoscope bell. The electrodes consisted of a 
diffuse silver electrode placed subcutaneously on the muscles of the 
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neck and a fine silver needle electrode, insulated except at the tip, 
which was placed on the tissues where the electrical response was to be 
tested. The recording instrument:consisted of one stage of amplifica- 
tion with string galvanometer or of more stages (number not stated) 
with telephone. The investigators were especially interested in de- 
termining the nature of the responses that could be detected in the 
brain stem, by pushing the needle electrode caudally down the stem, 
at right angles to the plane of decerebration. 

The authors concluded from their results that the microphonic 
effects they obtained in response to acoustic stimuli were due to true 
action currents in the auditory pathways. These results were as 
follows: (a) the responses were much greater in the auditory pathways 
than in surrounding tissue; (6) there was immediate cessation of the 
response upon the death of the animal; (c) there was a decrease in 
the size of the response upon the local application of narcotics. The 
authors believe that the brain stem effect involved two factors: first, 
action currents in the particular auditory tract to which the electrode 
is applied; and secondly, electrical spread from distant parts of the 
auditory mechanism. 

Let us consider the experimental evidence. Here too, in order for 
the results to be regarded as showing conclusively that auditory action 
currents were involved in the microphonic effect, it is necessary first, 
that there be a precise correlation between the changes in the effect 
due to a given condition, and the probable change in the functioning 
of the auditory nerve under these conditions; and secondly, that the 
changes in the effect be explainable in no other way. 

(a) Limitation of the maximum effect to the acoustic pathways. Responses in the 
brain stem were found to be sharply localized. ‘Using the string galvanometer 
with one stage of amplification, responses were obtained,” Davis and Saul write, 
“only from certain points. A movement of the electrode of 1 mm. or less suffices 
to pass through a maximum and usually to lose the response. With more sensi- 
tive amplifier and ear phones, this point represents a very sharp maximum many 
times louder than the responses from neighboring points. These active points 
have been shown by subsequent gross section to lie invariably upon the auditory 
pathways. . . . When electrodes are placed upon crossed tracts, such as the 
lateral lemniscus, the responses are chiefly contralateral, i.e. the electrode in the 
left midbrain ia much more sensitive to stimuli applied to the right ear than to 
those applied to the left ear.’’# These results agree very closely with what would 
_ be expected if the microphonic effect were due to auditory action currents, and 
to that extent support the action-current hypothesis. They do not, however, 
exclude all other possible hypotheses. There is no certainty that sound waves 
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end electrical changes propagated from the cochlea would not also find a better 
conducting path along the acoustic pathways. As for electrical conductivity, it 
was early found by Hermann that the conductivity of nerves was five times better 
in a lengthwise direction than in a crosswise direction.“ That the acoustic path- 
ways may represent pathways of higher electrical conductivity thus has some 
experimental support. We have mentioned above some of the reasons for sup- 
posing that the sound waves propagated from the cochlea might follow with less 
opposition the pathway laid out by the nerve. It is conceivable, therefore, that 
the microphonic effects obtained by Davis and Saul in these experiments may have 
been due to vibration of the active electrode produced by sound waves, potential 
changes generated in the tissues by the passage of sound waves, and electrical spread 
along the nerve from the cochlea, as well as to action currents in the acoustic path- 
ways. Before the latter hypothesis can be regarded as necessarily true, the others 
must first be excluded as possibilities. 

(b) Death of the animal. ‘When the cat dies in the course of an experiment, 
the responses from the brain stem are lost," Davis and Saul write, “as soon as 
the heart stops beating, and sometimes a few minutes before. The responses 
from the acoustic nerve persist after those from the brain stem are no longer 
detectable, and sometimes for several minutes after the heart has stopped beat- - 
ing."5 This result is not in complete agreement with that found by Adrian, 
Bronk, and Phillips for the microphonic effects obtained from the cochlea. They 
found that there was an initial decrease in the intensity of the effect after death, 
but that the effect continued at a constant level of intensity for from 1-1)% hr. 
longer in the guinea pig and about 34 hr. in the cat, before finally disappearing.” 
Wever and Bray found that the effect picked up by an electrode on the nerve 
lasted about 20 min. after the death of the cat. Adrian, Bronk, and Phillips 
interpreted the initial decrease as due to a collapse of vessels of some sort, and the 
final disappearance of the effect as due to the death of nerve cells or fibers, which 
they believed were responsible for the microphonic effect." If Davis and Saul 
wish to use the result they found as an indication that the effect was due to 
acoustic action currents, they must assume that loss of function of the acoustic 
pathways occurred immediately with death, with the failure of the circulation. 
If might possibly be claimed, in order to reconcile the two seta of results, that 
nerve cella in the brain and the nerve fibers leaving the inner auditory meatus 
cease functioning immediately after death (in accordance with the results of 
Davis and Saul) and that the nerve elementa in the cochlea continue functioning 
for about L4 hr. after death (in accordance with the interpretation of Adrian, 
Bronk, and Phillips). But however one may seek to reconcile these results, it is 
apparent that the changes in the microphonic effect with death cannot be con- 
sidered as supplying evidence that the effect is due to auditory action currents 
until there is more precise knowledge of just what is the effect of death upon the 
functioning of the auditory nerve and pathways, and how soon after death func- 
tioning there ceases. Without this information, a correlation of nerve functioning 
and the microphonic effect cannot be alleged. e even on the hypothe- 
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sis that the microphonic effect was due to some one or a number of the micro- 
phonic phenomena not involving action currents, a decrease or elimination of the 
effect with death might be expected. For as noted above, death might lead to an 
alteration in a number of the factors on which these other microphonic phenomena 
depend: e.g. decreased ‘strength’ of functioning of the cochlea with consequent 
decrease in the magnitude of the mechanical and electrical fluctuations propa- 
gated from the cochlea; increase in electrical impedance of the tissues between the 
active electrode and the cochlea; and changes in the injury potential difference, 
capacity, and resistance of the tissues. 

(c) Effect of narcotics. “Narcotization of parts of the brain stem by injecting 
5 or 10% novocaine in Ringer’s solution naar the electrode obliterates responses 
on the string. The responses return after 1-3 hr. If the novocaine is injected on 
one side of the brain stem between the electrode and acoustic nerve, responses 
from that ear disappear, while those from the other ear persist.’’58 These results 
too disagree with those found by Adrian and by Wever and Bray. These in- 
vestigators found that the microphonic effect obtained with an electrode on the 
auditory nerve at its exit from the inner auditory meatus persisted despite the 
application of narcotics to the nerve. Such differences in results may be due to 
differences in the technical conditions of the various experiments; but for the 
results with narcotics to have a clean-cut significance such disagreements must be 
reconciled. But in any case, the elimination of the microphonic effect by cocaine 
would not compel one to attribute the effect to neural action currents. Injection 
of cocaine in the tissues near the active electrode might be expected to altér cer- 
tain essential electrical properties of the tissues in this region.*® As a result of 
changes in the capacity and resistance cf the ‘tissues, in the inter-electrode 
potential, and in the electrical impedance of tissues between cochlea and eles- 
trode, there might have occurred a loss of microphonic effects due to vibration of 
the electrode, to the propagation of electrical changes from the cochlea, or to the 
generation of electrical changes in the tissues by the passage of sound waves. 
Further, where cocaine is injected between the electrode and the auditory nerve 
of one side, the microphonic phenomena that might be expected to be altered 
would depend upon the extent to which diffusion of the narcotic could affect the 
tissues surrounding the active electrode. If the narcotic diffused so far, the 
microphonic phenomena which might have been eliminated by the narcotic 
would be the same as those itemized above; the persistence of the effect from the 
opposite ear might indicate merely that the average magnitude of the changes in 
the tissues on the side where the narcotic was injected were greater than on the 
other side—that here the changes in the electrical properties of the tissues were 
not great enough to eliminate the effect. So the results with cocaine cannot be 
considered conclusive until the disagreements of the different investigators have 
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been reconciled and the exact influence which the cocaine had on the properties 
of the: tiasu3s essential to the other microphonic phenomena is known. 

Hughson and Crowe. The purpose of this investigation was not 
to determine the nature of the phenomena responsible for the ‘bio- 
microphonie effect,’ but rather to use this effect as an indicator of 
the influence of various parts of the middle ear on the transmission of 
sound vibrations to the cochlear liquids. The extent to which this 
procedure seems justifiable will later be examined; but now we wish 
‘to determine whether the results of these authors provide proof of 
the neural origin of the effect. The experimental procedure consisted 
in placing the active electrode on or near the auditory nerve (of the’ 
cat) and the indifferent, grounded electrode in the muscles of the 
neck. Wires connected the electrodes to a 6 tube amplifier (with 
telephone or loud speaker) in another part of the building. The 
experimental operations performed were of three kinds: (a) experi- 
mental lesions that produced no apprectable change in the effect— 
such as puncture of the ear drum, and filling the niche of the round 
window with wax or plaster; (b) lesions that produce & decrease in 
the effect—such as fixation of the ossicular chain, division of one of 
the ossicular joints, interference with the movements of the malleus, 
and puncture of the membrane of the round window (puncture of the 
round window membrane produced & great decrease in the intensity 
of the effect, the operations upon the ossicular chain affected especially 
the lowe- frequencies); (c) experimental lesions that produce an 
increase in the intensity of the effect, “increase the volume and clarity 
of the spoken voice and pure tones,"—-such as an increase in pressure 
on the round window membrane. 

(a) No change. The experiments where no change was produced in the micro- 
phonic effect obviously supply no evidence supporting the action current hypothe- 
sis. If anything, they furnish contrary evidence. Whatever reasons there are for 
expecting puncture of the drum or blocking of the round window to decrease 
sensitivity to sound would also lead one to expect & corresponding change in . 
neural funstioning and, therefore, in the microphonic effect, if it were due to 
action currents. The resulta might be interpreted, however, as showing merely 
that the microphonic effect is not sensitive enough to indicate changes in the 
neural response of the magnitude that would be produced by these lesions. 

(b) Dec-ease. Consider now the experiments where there was a decrease in the 
effect. Various operations upon the ossicles led to a decrease in the microphonic 
effect. Ccnsequéntly, there must have been at least a fraction of the original 


effect which was dependent upon proper functioning of the oasicular chain. This 
decrease in the effect might very readily be explained by the action current 
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hypothesis. For such operations upon the bone chain might be expected to lead 
to a decrease in the energy of sound vibrations transmitted to the cochlea, a de- 
creased intensity of stimulation of the nerve endings in the cochlea, and therefore 
decreased intensity of auditory nerve response and of the accompanying action 
currents. A decrease in the energy of the sound waves in the cochlea would, 
however, also decrease the energy of the vibrations propagated through the 
cochlear walls to the electrode and so might be expected to produce a decrease in 
the microphonic effects dependent on such transmission of sound vibrations. 
Furthermore, if the magnitude of the electrical changes generated in the cochlea 
depended on the energy of the sound waves in the cochlea, they too would be 
decreased or eliminated when the sound waves transmitted to the cochlea de- 
creased in energy. It should be noted that the effect was not eliminated, but 
merely decreased in intensity by operations upon the ossicular chain. Which of- 
the various microphonic phenomena contributed to this residual effect there is no 
way of deciding from the experiments. Any of the phenomena may have been 
involved, those not dependent upon the occurrence of vibrations in the cochlea as 
well as those dependent upon this source. The decrease in the microphonio effect 
produced by puncture of the round window membrane has the same significance 
as the decrease produced by the various operations on the ossicles. Such a punc- 
ture might be expected to lead to a decrease or disappearance of the microphonic 
effect due to any of the phenomena dependent on the energy of the sound waves 
occurring in the cochlea. Therefore the decrease that was found may have been 
due to a change in any or all of these microphonic phenomena, and there is no 
special evidence in favor of the action current hypothesis. . The residual effect here, 
88 in the case of that remaining after operations on the ossicular chain, may have 
been due to all or any of the various microphonic phenomena. 

(c) Increase. Let us consider finally the experiments in which an éncrease in the 
intensity of the microphonic effect was produced by an increase in the pressure on 
the round window membrane. There is no way of deciding the question: which 
of the various conceivable microphonic phenomena contributed to the effect before 
the increase in pressure? All or any of them may have been involved. The only 
part of the total effect that permits more specific conclusions is that representing 
the increase, the increment in the effect. This increase in the effect indicates that 
the increased pressure made more favorable some factor upon which at least a 
fraction of the total effect now depends. The question at issue here is whether 
the increment in the microphonic effect would be expected if the effect were due to 
action currents of the auditory nerve. That is to say, would pressure on the round 
window membrane be expected to lead to an increased magnitude of response of the 
auditory nerve? As Hughson and Crowe state, it has generally been believed that 
an increase in the intra-labyrinth preasure interferes with normal hearing. One 
should expect then that the increased pressure would be correlated with a decrease 
in the intensity of the neural response, and consequently, a decrease in the in- 
tensity of the microphonic effect if it were due to action currents of the nerve. 
The opposite result was found; this result, then, not only does not support the 
action current hypothesis; it is in opposition to it. 

Hughson and Crowe suggest, despite the indications of other lines of evidence, 
that the increased pressure on the round window membrane may effect an in- 
crease in the ''trangmission of sounds” through the ear. If such an increase 
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occurs, it migat be expected, however, to lead to an increase in the intensity of 
the effect due to all or any of the microphonic phenomena dependent upon the - 
occurrence of sound vibrations in the cochlea: So even this supposition does not 
lend any-advantage to the hypothesis that the effect is due to action currents in 
the auditory nerve. We may conclude then that the experiments of Hughson and 
Crowe fail, as do the other investigations, to furnish the conclusive evidence in 
favor of the action current hypothesis which we have been seeking. 


À few comments may now be added upon the attempt of Hughson 
and Crowe to use the bio-microphonic effect as an indicator. of the 
functions of various parts of the middle ear in the transmission of 
sound to the inner ear. It is apparent that before the effect can be . 
accepted as a reliable. indicator of such functions, it must first be - 
shown that there is in fact a precise correlation between the energy of 
the sounds transmitted to the cochlea and the magnitude of the 
microphonic effect. This correlation has not yet been demonstrated; 


. consequently any conclusions upon the functions of various mechan- - 


isms in the ear, made on the basis of the microphonic effect, must be 
regarded as tentative only. One may, however, examine the experi- - 


. ments of Hughson and Crowe to see whether these supply evidenoe 


that the correlation mentioned does exist. Upon examination, the — 
results turn out to be contradictory in nature. Puncture of the ear . 
drum might be expected to decrease somewhat the energy of the ' 
sound vibra-ions transmitted to the inner ear, but no change occurs 


 - in the microphonic effect. Various operations on the ossicular chain, 


which migh; be expected to decrease the energy of Fhe ‘vibrations 
transmitted, do in fact lead to a decrease in the microphonic effect. A 


‘similar agresment occurs in the case of experiments involving the 


puncture of the round window membrane. Blocking the niche of the ` 
round window or increased pressure upon the membrane, either of 
which procedures might be expected to lead to a decrease in the energy 
of the sound vibrations in the cochlea, leads to no such corresponding 


- changes in the microphonic effect. Blocking leads to no changé at all, 
.&nd increased pressure on the membrane leads to an increase in the 


effect. It is clear then that the resulta of this investigation as a whole 
may hardly be considered as furnishing support for the thesis that 
the correlation mentioned exists; some of the results support this 
thesis, other results do not, and still others may be considered -con- 


" tradictory to it. 


Hughson and Crowe, in the paper under discussion, were primarily concerned 
with determining the function of the round window membrane. On the basis of . 


~ the increase ir. the microphonic effect which was produced by pressure on the 
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membrane they concluded: ‘We are convinced therefore that the round window 
membrane acts as & safety valve for the inner ear structures and by ite mobility 
effects approximately & 50% absorption of all sound entering the ear. If the 
membrane is made rigid by pressing on it with a plug of moist cotton, the per- 
ception of spoken words and practically all tones is increased at least 5095."f 
But even if the bio-mierophonie effect detected could be accepted as a reliable 
indicator of the energy of the sound vibrations in the cochlea, the results hardly 
seem to warrant the conclusion that the function of the round window membrane 
is to act as a safety valve to protect inner ear structures. For the function of a 
safety valve, which is incorporated in a physical system of some sort, e.g. & pres- 
sure system, is to allow the escape of energy only when it exceeds a certain danger- 
ous level, and not at levels beneath this. A device which released energy beneath 
the level at which it became dangerous would not be helping in any way to pro- 
tect the structures within the system, but merely serving to render the system 
lees efficient. Such a device might better be called an attenuator than a safety 
valve. So even if it were true that the mobility of the round window membrane 
ig responsible for a “so% absorption of all sound entering the ear," that is to say, 
if it were responsible for a reduction in the energy of all vibrations occurring in the 
cochlea, this fact would not justify the hypothesis that the function of the mem- 
brane is that of a safety valve. : 

Finally, we may briefly consider some of the reasons which make 
it improbable that increased pressure on the round window membrane 
does lead to an increase in the energy of the sound vibrations occurring 
in the cochlea, despite the reported increase in the intensity of the 
microphonic effect. Certain physical grounds indicate that mobility 
of the round window membrane serves to increase the energy of the 
vibrations that may occur in the cochlea rather than decrease it. 
Essentially, the cochlea is like a tube of water closed at one end by an 
elastic membrane (the round window membrane) and at the other 
by a piston which can move back and forth (the base of the stapes) 
and containing within the tube an elastic membrane (basilar mem- 
brane) which can be set into motion by the movements of the liquid.9 
It seems clear that if the membrane at the end of the tube is made 
rigid, the piston will not be able to set the liquids in the tube into mo- 
-tion (since the liquid is practically incompressible), unless some other 
part of the walls of the tube can move under the changing pressures 
produced by the piston. Increasing rigidity or tension of the mem- 
brane should lead then to a decrease in the energy of movement of the 
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liquid in th» tube. Moreover, if the walls of the tube are capable of 
responding at all to the changing pressures produced by the piston, 
then with increasing rigidity of the end-membrane of the tube, 
relatively more and more energy will be transmitted through the walls. 
That is to say, as one pathway becomes blocked, relatively more 
energy will flow through other pathways; just as in an electrical 
system, wh»n the resistance of one of a number of parallel pathways 
increases, a greater proportion of the total current flows through the 
other paths. And such a phenomenon may account for the increase in 
the intensisy of the microphonic effect reported by Hughson and 
Crowe. A larger proportion of the energy of the vibrations produced 
at the oval window might now be transmitted through the walls of 
the cochlea, and through the liquids of the vestibule and semicircular ` 
canals and their enclosing walls, since the path by way of the round , 
window was blocked. More sound energy might thus be transmitted 
through the bony walls of the labyrinth even though the energy of the 
vibrations occurring in the liquids of the cochlea might have decreased. 
A corresponding increase, in the intensity of the microphonic effects 
due to the vibration of the electrode and the electrical changes gener- 
ated in the tissues by the sound waves might then be expected. An 
explanatior of this sort makes unnecessary a conflict with clinical 
and physical evidence such as occurs on the assumption that increased 
pressure or the round window membrane leads to an increase in the 
energy of sound waves in the cochlea. 

Rademaker and Bergansius. Rademaker and Bergansius were con- 
cerned with registering the bio-microphonie effect with string gal- 
vanometer and determining how it varied with different frequencies 
and intensizies of stimulus, rather than with examining the conditions 
upon which the effect depended.* The curves of the electrical changes 
produced by tonal stimuli (tuning forks, organ pipes, and voice) 
correspondad in all particulars with the galvanometric curves of the 
stimulating sound waves. The curves of the microphonic effect ob- 
tained from simple tonal stimuli were sinusoidal in form, as closely as 
can be Judged from the reproductions of the curves; the curves of the 
electrical changes produced by a sung vowel showed characteristic 
higher partials along with the fundamental. Increases in intensity 
of tonal stimuli led to an increase in the amplitude of the curves of 
the micropaonie effect. 


“Rademaker and Bergansius, op. ctt., 346-349. 
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Although Rademaker and Bergansius performed no experiments 
upon the conditions of the microphonic effect, the results which they 
obtained upon the form of the curves may throw some light on whether 
or not the effect is due to action currents in the auditory nerve. Be- 
fore going on to discuss the significance of these results, we may note 
that they agree with what has been said by certain of the previous 
investigators concerning the form of the electrical changes constituting 
the bio-microphonic effect. In a number of places Wever and Bray 
indicate that the electrical effects obtained by them from simple 
stimuli were sinusoidal in form. In one place, they say, “a pure tone 
sounded into the ear of the cat is recognized as that same tone in 
the receiver.”® In a later note, this sine-wave character of their 
microphonic effect is indicated in a statement made concerning the 
freedom of their apparatus from distortion effects: ‘our amplifier and 
telephone receiver system will not distort to the extent of giving a 
sine wave type of response to a signal that departs at all widely from 
it" and add later that work with a cathode ray oscillograph confirmed 
the indications of the telephone receiver concerning the form of the 
electrical response. Adrian too, it will be recalled, said that ‘“oscillo- 
graph records reproduce the wave-form of the sound and the curves 
show no sign of being built up of nerve impulses.” 


These results acquire some significance in indicating whether the 
microphonie effects obtained were due to action currents when we 
consider certain facts relating to the transmission of sound waves to 
the cochlea by the chain of ossicles in the middle ear. As is well 
known, vibrations transmitted to the inner ear by the ossicles undergo 
the effect of so-called non-linear distortion. That is to say, equal 
changes in pressure on the ear drum do not result in equal displace- 
ments of the foot of the stapes at the oval window. The result is 
that sound waves impressed on the ear drum are distorted in their 
transmission to the cochlea, in such a fashion that a sine-wave 
stimulus will result in a wave containing not only the impressed 
frequency, but a series of its harmonics as well. As the intensity of 
the stimulating sound increases, the amplitude of the harmonics 
relative to the fundamental wil likewise increase. If the action 
current hypothesis is correct, that is to say, if the frequencies occurring 

= 

oh d Wover and CP Bray, A Pte ies d possibility in frequency 
Hona of hearing,” this JOURNAL, 44, 1932, 193. 


drian, op. cit., xxix. 
“Fletcher, op. cit, 124, 312 f.; L. T. Troland, Psychophysiology, IT, 1930, 246 f. 
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in the bio-m_crophonic effect correspond to the frequencies present 
in the response of the auditory nerve, and if these in turn correspond 
to the frequency of the vibrations in the cochlea—then the harmonic 
frequencies introduced by the ossicles in the transmission of sound 
to the cochlea should be represented in the microphonic effect as 
well as the frequencies present in the original physical stimuli. The 
results of the various investigations which have shown that the micro- 
phonic effect obtained from simple stimuli are sinusoidal in form fail 
to confirm this consequence of the action current hypothesis and so 
indicate that the electrical changes detected were not due to auditory 
action currents. 

It is desirable, however, that a more precise test of this point be 
made than is provided by the data so far presented. That is to say, 
what is required is oscillographic records (obtained with a high fre- 
quency oscillograph) of the bio-microphonic effect obtained from 
simple tonal stimuli which range from stimuli of low intensity to 
those of intersities high enough to produce harmonics of appreciable 
magnitude. As the intensity of the stimulus increases, harmonics 
should appea- in the curves of the microphonic effect and should in- — 
crease in magnitude relative to the fundamental component, which 
corresponds to the stimulating frequency. The failure of this result 
to appear must then be regarded as a failure to confirm the hypothesis 
that the mierophonie effect is due to action currents of the auditory 
nerve, and as an indication of the incorrectness of this view.*? 

Kreezer amd Darge. When the experimental conditions described 
by Wever anc Bray were duplicated by Kreezer and Darge, a micro- 
phonic effect was obtained.” This effect did not appear, however, 
when the preeautions mentioned above in this paper (p. 642 f.) were 
taken to exclide the possibility of induction effects. The authors 
concluded, therefore, that the effect which they had obtained was 
due to induction from outside microphonic sources that were set into 
vibration by the sound waves used as stimuli. 


SUMMARY 


Our survey is now at an end. Among the various investigations 
we have found a certain variety in the problems attacked and many 


‘*But the converse of this is not true, that is to say, detection of these harmonics 
in the curves of the bio-microphonic effect will not prove that the effect is due 
to action currents, since the harmonics might appear as a result 2 any one of the 
mierophonic phenomena dependent on sound waves in the cochlea, though not 
necessarily in the same degree. 

"^" Kreezer anc Darge, op. cit, 105. 
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differences in the particular conditions of the ‘bio-microphonie effect’ 
which were investigated. In most cases in which the influence of the 
same conditions was examined by different investigators marked 
differences occurred in the results. Our search, furthermore, failed 
to reveal in any of the investigations a decisive experimental proof 
that the microphonic effect is due to action currents in the auditory 
nerve. | 

In certain of the investigations, the possibility was examined that 
certain phenomena other than acoustic action currents were responsible 
for the microphonic effect. Wever and Bray, who followed this 
procedure, concluded that the effect was not due to any of the other 
microphonic phenomena, which they considered and that, therefore, 
it must have been due to auditory action currents, as the only remaining 
possibility. We found, however, that this conclusion was not justi- 
fied, since the other microphonic phenomena were not conclusively 
eliminated as possible factors in the effect. Kreezer and Darge, who 
followed a similar procedure, concluded that the bio-microphonic 
effect which they obtained was due to induction, for it disappeared 
when adequate precautions for excluding induction effects were taken. 

In other investigations, the procedure followed was to determine 
the influence on the microphonic effect of conditions that would be 
expected to influence it if it were due to auditory action currents, 
Adrian, whose experiments were of this sort, presented evidence 
opposing the ‘action current hypothesis.’ Adrian, Bronk, and Phillips 
- went on to investigate the conditions of the microphonic effect which 
they could detect in the cochlea; theirs was not an investigation of the 
effect obtainable from the nerve. Their conclusion that the effect 
which they obtained was probably due to nerve elements of some sort 
in the cochlea is compatible with the evidence which they present but 
is not conclusively demonstrated by it. Davis and Saul investigated 
some of the conditions of the microphonic effect which they detected 
in the midbrain and in the auditory nerve. Their conclusion that it 
was due to action currents in the nerve is compatible with their re- 
sults, but is not conclusively demonstrated by them, for certain other 
possible explanations were not excluded. 

In still other investigations (Hughson and Crowe, Rademaker and 
Bergansius), the purpose of the authors was not to investigate whether 
the microphonie effect was due to auditory action currents; they were 
concerned, instead, with other problems. Tnese studies were, how- 
ever, examined but also found to be wanting in evidence capable of 
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demonstrating the correctness of the ‘action current hypothesis.’ On 
the contrary, & considerable part of the results of these investigations 
tends rather to refute the hypothesis that the mierophonie effects 
obtained were due to action currents in the auditory nerve. 

The general result of our survey is then that the evidence thus far 
presented fails to demonstrate that the microphonic effect is due to 
action currents of the auditory nerve. Hence, it is not possible as yet 
to conclude. on the basis of this evidence, that the frequencies of 
auditory stimuli are retained in the response of the nerve. Such a 
conclusion is premature; the question remains open. Whether it can 
be readily ssttled by means of the action current technique will de- 
pend on whether more decisive experiments can be devised and upon 
how readily the gaps in our knowledge, which prevent a precise 
interpretation of some of the experiments already made, may be 
filled in. 


$ 


ELECTROPHYSIOLOGY OF MENTAL ACTIVITIES 
By EpMuND Jaconson, University of Chicago 


The road to a science of psychology evidently must follow a rigor- 
ous examination of the question, What occurs in the organism simul- 
taneous with and indispensable to mental activities? In the years 
1829 to 1834, Weber made the studies on cutaneous and kinesthetic 
sensations which frequently are regarded as marking the beginning 
of experimental psychology. After adding to these observations, 
Fechner,? in 1860, sought to make of psychology an exact science by 
developing the “fundamental relation or relations of dependency be- 
tween the body and mind.” "This science, as is well-known, he called 
“Psychophysics,” and its fundamental formula was, in effect, that 
sensation is proportional to the logarithm of stimulus. We need not 
here review the criticisms aroused by Fechner’s interpretation; to 
find a scale to measure the experiences called sensations in terms of 
the objects or energies outside the body called stimuli has generally 
been considered impossible. According to the present investigation, 
in contrast with the views of Fechner, the goal should be the deter- 
mination and measurement of nervous and muscular changes specific 
to the mental activity studied. This may reasonably be expected to 
open the road to find quantitative relationships between the nervous 
and muscular changes and their appropriate stimuli. 

Classical psychologists, including experimentalists, at least until recent years, 
have employed some form of examination by the individual of his own activities. 
This approach was developed, chiefly by Wundt and his many disciples, with the 
aid of instruments and various mechanical devices, to permit repetition of ob- 
servations under standard experimental conditions. 

Wundt’s attempts to link mental eventa to their physiological correlates,’ 
particularly feelings to pulse and respiration, met with no startling success. 
Looking backward, we can see that he approached the problem primarily aa a 


*Accepted for publication June 29, 1931. From the Department of Physiology, 
University of mare 

1E. Weber, De Taciu, in Annotationes anat. et phys., programma. collecta, 1851; 
Die Lehre vom Tastsinne und yide eir i 1851, 

tQ. Fechner, Elemente der ee ysik, 1889. 

TW. Wundt, Grundzuge der physiologischen Psychologie, 5th ed., 1902. 
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systematic theorist. In spite of the vast array of technical methods which he 
employed, the influence of philosaphical training on the psyzhologist is apparent. 
More recently, subsequent to experiments by Binet and various members of the 
Würzburg school, introspective methods were applied to the so-called higher intel- 
lectual activities; but here instruments seemed of little aid, and while the observa- 
tions proved of great interest to some psychologists, to others—particularly 
Wundt himself—the methods appeared so crude as to be utterly unscientific. 
We were confronted in the days of Titchener with controversies, frequently 
acrimonious, resulting in divisions into schools of belief and marked by the ab- 
sence of an incisive method to detarmine which opinion was correct. The poverty 
of human psychology at this stage as compared with other biological sciences was 
apparent. 

Introspective psychologists have contended that only the individual i is in a 
position to give adequate descriptions of his conscious activities as he himself 
experiences them. Accordingly the custom has developed of employing a number 
of self-observers during an experimental investigation and securing reports in- 
dependently from each observer. Where such reports have agreed, conclusions 
have been drawn bearing on the character of conscious experience. But experi- 
menters who have employed these methods have themselves called attention to 
what is, from the present point of view, the limitetion of introspective psychology. 
They have pointed out that the introspector is called upon only to give accounts of 
his experiences as such; he should not report on his physiological processes. Lf he 
^ does, he commits the ‘stimulus error.’ Accordingly, we shell not expect to learn 
from the methods of introspective psychology what in the organism is indispensa- ` 
ble to mental activities. 

Nevertheless, methods of autosensory dissevation form the starting-point for 
the present studies. When we recall the delicacy of the human senses—their use, 
for example, in certain chemical tests to detect aa little as one part of a substance 
diluted a billion times—we should expect them to be of service if we are ever to 
solve problems of the mechanism of conscious activities. What is required is that 
, the reports of the senses, used directly in observation, be checked by objective 
methods, such as electrical measurement. 

Despairing that psychology, based upon introspective methods, could ever 
become a real science, certain students under the leadership of Watson decided to 
limit their studies to problems of behavior. Some of them, in their enthusiasm 
over this limitation, proceeded to question the validity of all observations de- 
pending upon the observer’s watching his own processes. Notwithstanding this 
skepticism, I am informed by a prominent ex-behaviorist, conclusions frequently 
were evolved during prolonged conversations replete with In&rospeotions but not 
admitted as such. 

Since Lange’s valuable observations on physiological phenomena associated 
with emotions published in 1889,* many investigators have added their contribu- 
tions. Of particular interest have been studies of the galvanic reflex. This change 
in resistance to the passage of electric current attendant u2on emotion has been 
found to depend upon the tissues within the skin; although it is not yet certain 


1C. Lange, Uber Gemüthsbewegungen, 1889. 
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whether constriction of the blood-vessels, or changes in the epithelial cells,’ or 
sweating’ alone is responsible. It is agreed that the galvanic reaction depends 
upon the autonomic nervous system, following emotion as an after effect, or at 
least as a late effect or manifestation. But we remein in ignorance as to what 
occurs in the neuromuscular system simultaneously with the emotional experience. 


The aim of the present investigation is to learn something about 
what takes place in the nervous or neuromuscular system specifically 
for various forms of mental activity, and so far as possible to measure 
the processes in physical terms. During a period of study of relaxa- 
tion covering twenty-three years, individuals who have been trained 
to observe their muscle sense generally have agreed in independently 
reporting sensations as from slight or pronounced muscular contrac- 
tion marking the occurrence of mental activity. The writer has re- 
peatedly made this observation on himself during the above-men- 
tioned period? We desire to test the possibility thus opened that the 
muscle sense, if carefully and critically employed, may put us on the 
track of observations that may be objectively verified for the whole 
range of our mental experience. 

Accordingly in the studies here recorded, we deal with action- 
potentials and not with mere resistance changes, such as the galvanic 
reflex. These investigations, which I have been attempting to get 
under way since 1911, have been described elsewhere,” but it is be- 
lieved that a résumé including certain recent results may prove of 
interest to students of psychology.” 

General methods. It has been necessary to develop extremely 
sensitive apparatus in order to detect and measure the slight changes 
in potential in the nervous or muscular system during mental activi- 


*F. Aveling and R. J. 8. McDowall, Electric resistance of skin, J. Physiol., 60 
1925, 316; H. B. Denscham and H. M. Wells, The mechanism by which electrical 
resistance 


of the skin is altered, Quart. J. Exper. Physiol, d I 25i 
tC. P. Richter, A study of the electrical akin resistance and percbosdivatio 
reflex in a case of unilateral sweating, de 50, 19 27, 216-235. 
'C. W. Darrow, Sensory, secretory and elestr cal in the skin d ay 


Anger B g J. "ip dE, acte , IO, E 197; The galvanic skin reflex 
volume bas ae ele 5j 1929, 219-229. 

"E, Schilf Schuberth, Über das sogenannte psychogalvanische Reflex- 
ph&nomen beim Frosch und seine Beziehung sum vegetativen Nervensysten, 
Arch. f. d. ges. V i 195, 1922, 75-95. 

* E, Jacobso ve relaxation, this JOURNAL, 36, 1925, 73-87. 

18 Jacobson, "ÀAcuon ou Gurrenté from muscular contractions uring conscious 
processes, Science, 66, 1927, 4 $ Electrical measurements of neuromuscular 
states during mental activities. I, Amer. Jour. Phystol., 92, 1930, 567-608; II, 
ibid., V did. 1930, 22-34; III, ibid., 95, 1930, 694-702; IV ibid., = s 703-712; 

(961 1931, 115-121; "VI, ; 96, 1931, 122-125; VII, ibid. ind aide mL 
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ties. Thermionic amplification has been used with the string galva- 
nometer. In the most recent studies, measurements are possible of 
potential differences as small as one millionth of a volt, and such small 
changes are recorded with negligible lag in time on photographic 
film moving about 1 in. per sec. Electrodes are devised to connect 
the tissues with wires leading to the amplifier. Apparatus and method 
have been described with details that need not here be repeated. 

For the most part, Ss are employed who previously have been 
trained to relax.“ This is generally necessary because restless move- 
ments occurring in untrained Ss occasion action-potentials which 
obscure the readings concerning phenomena of mental activity. 
Relaxation, then, is requisite to furnish control tests and, in a sense, 
to isolate the mental activity investigated. 

The S lies relaxed upon a couch in a darkened, quiet, partially 
sound-proof room. His eyes are closed. Distraction by E is care- 
fully avoided. It is agreed between E and S that the clicks of a tele- 
graph key are to be signals: the first, to engage in a particular mental 
activity; the second, occurring soon afterwards, to relax any muscle 
tensions present. By means of a signal magnet, the instant of occur- 
rence of each click is recorded on the photograph. 

Imagination of movement. ‘To secure data for statistical considera- 
tion, one instruction is used many times with one S and repeated 
with others. S is to imagine bending the right arm. An imagined 
persistent or steady flexion of the right forearm is meant, rather than 
an imagined brief flexion and extension. One electrode is connected 
with the right biceps-brachial muscles and the other to a (partially) 
indifferent point—-the skin or under the skin in the elbow pit. 

During a period of general relaxation, when the galvanometer 
string with one lead attached to the right biceps is recording an 
approximately straight line, the signal is given for the subject to 
imagine what would in actual performance involve contractions in 
the above mentioned muscle; for instance, to imagine that he is 
steadily flexing the right forearm. Generally within a fraction of & 
second, the string ceases its steady course and engages continually 
or intermittently in relatively large swings which cease soon after 
the signal is given to relax any muscular tensions present (see Fig. 1). 
This test has been made upon about 20 Se and the results have been 
in agreement, with modifications later to be stated. 

But under the above conditions, if it has been agreed that the 
first signal is to mean, “Imagine bending the left foot,” the string 
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shows no such onset of large swings, generally continuing unaltered 
in its course (Fig. 2). This type of control test will be called ‘Control 
1.’ Similarly the string continues in.a steady course even after 
signals have been given, "Imagine bending the left arm" (Control 
2), “Actually bend the left foot one inch" (Control 3), "Actually 
bend the left arm one inch” (Control 4), “Imagine the right arm 
perfectly relaxed,” or, “Imagine the right arm paralyzed” (Control 
5), "Imagine extending the right arm" (Control 6), and “When the 
signal comes, do not bother to imagine” (Control 7). 

The negative results noted in the control tests rule out two possi- 
bilities: (1) that the string deflections observed during imagination 
are due to effects of the sound on the S; (2) that the act of E: 
involves 'action-currents all over the body.’ i 


The period from the beginning of the first signal to the appearance of the string 
vibrations (reaction-time) is often as brief as 0.2 sec. in trained Ss, but averages 
0.4 sec. in about 24 of all the tests on imagination of bending the right arm. 

It seems unnecessary to present results in tabulated form here, since this has 
been done previously. That the electrical phenomena observed following the 
instruction to imagine bending the right arm are not artifacts due to training in 
relaxation has been tested with 6 Ss not so trained. In these instances the string 
as a rule is not so quiet before the first and after the second signal as in trained Ss; 
therefore the contrast of the vibrations occurring after the first signal with those of 
the foregoing and subsequent control pericds is not so marked as in trained Ss. 
However, after the S has become accustomed to conditions and has attained a 
fairly quiet state, tests show a definite increase in the microvoltage of vibrations 
with untrained as with trained individuals, excepting in instances where the in- 
struction leads to visualization alone, as will later be discussed. 

After setting the galvanometer to record higher voltages, a record is taken while. 
the S actually flexes his right forearm, moving the wrist about 1 em. The photo- 
graph quite resembles those above described for imagination of flexing the right 
forearm; but the microvoltage during overt movement is considerably greater 
than during imagination. 

Imagination and recollection of various muscular acts. In a further 
series of investigations, the S is instructed as before except that he is 
to imagine lifting a ro-lb. weight with the right arm. Under these 
conditions, electrical fluctuations are found to occur in the biceps 
region of that arm during such imagination, but not during the fore- 
going and succeeding periods when the S is instructed to relax. Like- 
wise they are not found to occur in the right arm when S imagines 
that he is bending his left arm, nor in the other control tests previously 
specified. Again it seems unnecessary to present results in statistical 
form, since this has previously been done. 
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Recently this experiment has been repeated with 15 Ss previously trained tc 
relax and with 12 Ss not trained. During imagination of Lfting the weight’ with 
the right arm, action-potentials were recorded from the right biceps in 54 out o. 
63 testa with the trained Ss and in 41 ouż,of 63 with the untrained Ss. During 
imagination of lifting the weight with the left arm, the galvanometer showed nc 
electrical change from relaxation in the right biceps in 24 out of 24 tests with ths 
trained Ss and in 20 out of 25 tests with the untrained SB. ` 


Imagination and recollection of various other acts commonly performed witl 
the right arm have been studied with electrical apparatus. It is necessary to tesi 
for the presence of action-potentials when instructions ere given which can be 
carried out by the S in terms of responses of one or another muscular group noi 
always determinable in advance. Ideally, for these tests we should need a separate 
string and a set of electrodes for each important neuromuscular group, as well as s 
galvanometer circuit considerably freer from electromagnetic and electrostatic 
disturbances than was the circuit first employed; for there is always the possibility 
that resulta may be called negative through masking of very slight action-poten. 
tials by extraneous electrical disturbances. 


In preliminary tests on imagination, the following instructions 
were selected by E (without consulting the S beforehand): “When 
the signal comes, imagine sweeping a room with & broom. Upon the 
second signal, relax any muscular tensions present." Other examples 
of instructions are: "Imagine writing your name;" “Imagine your- 
self rowing a boat;’’ “Imagine yourself boxing;" “Imagine scratching 
your chin;" “Imagine plucking a flower from a bush;" "Iun 
combing your hair;" “Imagine playing the piano." 

, In: half of TN preliminary tests (14 out of 28) the stiing excur- 
' gions were markedly increased during imagination as contrasted with 
relaxation; but in the other half the contrast was not marked. The 
Ss sometimes stated that following the instruction to imagine, they 
carried out the imagined act with some muscle-group other than the 
flexors of the forearm. In other instances they stated that they 
visuslized themselves performing the act, but failed to have arm- 
muscle sensations. If these statements are correct, they evidently i ac- 
count for the absence of action-potentials from the biceps region, in 
some of the above-described tests. ae 

If the instructions selected by E fail in some instances to indüce 
the S to imagine various muscular acts as carried out with his right 
biceps, but lead him instead to visualize or to carry out the i imagina- 
" tion with other muscle-groups, another approach is suggested. Si is 
asked to mention various acts which he would naturally petfotm 

with the right arm and would naturally imagine es 80 performed. ‘In 
making such selection, he will be aided if/he has had experience at 
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Fia. 1. Paorograrsic RECORD or STRING DEFLECTIONS DURING IMAGINATION 
The S, previously trained to relax, has been instructed, ‘Upon hearing the first 
signal, imagine lifting a 10-Ib weight in the right forearm. Upon hearing the 
second signal, relax any muscular tensions, if present." One electrode in the. 
biceps muscle, about 6 cm. above the other, which is inserted under the skin in 
the elbow-pit. Intervals between vertical time lines shown in left lower comer = 

1/5 sec. Distance between horizontal lines, approximately, 
aii meu -— pee ANS. v . 
photograp ows between marks (ap at the top) groups of . 
vertical lines, evidently due to action-potentials, whisk are absent in the periods 
of relaxation before the first si and which subside soon after the onset of the 
second signal. We conclude that in the present test, musole-fibers of the right 
biceps contract as the S imagines lifting with the nght forearm. 


Fia. 2. PHotroararaic Recond o» CONTROL Test 
Conditions the same as in Fig. 1, excepting that here the instruction has been 
‘Upon hearing the first signal, imagine lifting the weight with the left forearm.’ 
No evidence of action-potentials from the an biceps here appear. Results from 
the right biceps are negative similarly in tests where the instruction has been, 
“Do not bother to imagine,” or “Imagine bending the right leg" (see text). The 
latter instruction is characteristically followed by action-potentials in the right leg. 


Fig. 3. PmHoToGRAPHIO RECORD or TRING DEFLECTIONS DURING IMAGINATION 
i or A REPEATED ÁCT 
Conditions the same as for Fig. 1. The instruction has been, “Imagine hitting a. 
nail twice with a hammer held in your right hand.” Between signal marks, two 
series of long vertical lines, indicating action-potentials, are seen, separated by an 
interval of practically horisontal line, indicating relaxation. 


$ 


Fig. 4. PHOTOGRAPHIO RECORD or STRING Deruscrions DURING IMAGINATION 
OY A RHYTHMICAL Act 

This photograph shows between si marks four groups of vertical lines, in- 

dicating action-potentisls from the flexor muscles of the right forearm, separated 

‘by approximately equal lengths of practically horizontal line, indicating relaxation. 
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observation of the muscle-sense. Four Sg were used in the following 
tests who had such oa In addition, all except one (G) had 
been trained to relax. 

The instructions gleed by them were as follows: “Imagine 
lifting a cigarette to your mouth;” “Imagine pulling a microscope 
toward yourself;” “Imagine pulling up your socks;" “Imagine grind- 
ing coffee;" Imagine yourself chinning on a horizontal bar;" ‘‘Imagine 
hugging;" "Imagine shifting the gear of your automobile to first 
speed;" "Imagine pulling a door open;" ‘Imagine lifting a glass of 
milk to your mouth;" "Imagine climbing & rope;" "Imagine throw- 
ing a ball;' “Imagine pulling up weeds;" “Imagine pumping & 
bicycle tire.” 

Results for these 4 Ss are positive for action-potentials from the — 
right biceps-brachial region in 97.5% of the tests (159 out of 163). 
Al] of the control tests prove negative. 


The microvoltage for such imagination, as averaged for all Ss, is about 26. 
This is much less than the average value found for imagining lifting a ro-Ib. 
weight (41 microvolts). No attempt is made to measure the microvoltages as they 
occur in the tissues, but only in the attached electrodes. Corrections need to be 
made for various errors, a8 previously discussed; therefore the figures presented are 
not final. 

Beautiful records are secured when the S is requested to imagine some act 
performed rhythmically, such as “climbing a rope,’' “pumping a tire;” or "turning 
an ice-cream freezer” (Figs. 3 and 4). Following the signal to imagine, the string 
shows a. brief period of long vibrations, then an interval of rest for a fraction of a 
second or more, then similar periods of vibrations and rest, ocetrring in rhythmical 
succession until the signal to relax is given. On the other hand, instructions to 
imagine some act that involves only one relatively brief muscular action, such as 
“throwing & ball," typically are followed by only one brief series of long vibrations. 
But if the instruction is varied, “When the signal comes, imagine throwing a ball. 
After an interval, repeat this experience," then the record shows two periods of 
long vibrations, separated by an interval of rest. Corresponding results follow 
the instruction to imagine the act three times. 


Recollection is tested like imagination. Instructions are to recall 
. gueh activities as lifting a glass or a cup of tea at dinner, reading a 
certain paper, removing a shirt, putting on a coat or rubbers, raising 
the right arm, picking flowers, pulling up dandelions, pulling up an 
auger, playing the piano, playing the violin, boxing, punching & bag, 
brushing teeth, washing dishes, sweeping, running a carpet-sweeper, 
scrubbing, rowing, hitting a ball at tennis, fishing, landing a fish, and 
slinging a sledge. S stated before or after each test that he had pre- 
viously had the-experience denoted by the instruction. 
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If instructions are so chosen by E as to indicate an activity com- 
monly performed by the right arm, we may reasonably expect that if 
recollection involves neuromuscular activity, some noteworthy 
proportion of responses will take place in the right biceps-brachial 
region and therefore be recorded. However, if instructions are 
chosen by S to indicate an activity which he observes that he recalls 
with muscle-sensations from the right arm, we should expect a higher 
proportion of positive results, in accordance with what was said above 
concerning imagination. 

Following the former procedure, 7 out of 9 Ss show action- 
potentials predominantly from the right biceps-brachial region; that 
is, in 6o out of 90 tests. The reports of the remaining 2 Ss suggest 
that following the instructions they generally engaged in visual recol- 
lection alone. Perhaps this explains why action-potentials were in 
most tests absent for them. 

In general, for any particular S, the microvoltages were lower 
and the series of action-potentials were considerably briefer during 
recollection than during imagination. 

Evidence that specific muscles contract during imagination. The 
discovery that action-potentials exist in electrodes connected with 
specific muscles during each process of imagination or recollection 
leads to the question whether the fibers involved actually contraet. 
Accordingly a lever is arranged so that under controlled conditions 
flexion of the right arm can be magnified about 8o-fold and recorded . 
photographically along with the electrical curve. 


The results show that following the signal for S to imagine steadily 
bending his right arm or to imagine lifting a 1o-lb. weight in the same 
manner, the lever records a flexion of the arm, generally of micro- 
scopic extent. Soon after the second signal, which signifies that S is 
to relax any muscular tensions present, the lever suddenly returns to 
the position it had while the arm was at rest. But in control tests, 

where S imagines bending the left arm or imagines lifting the weight 
with that arm, no microscopic flexion of the right arm and no action- 
potentials from the biceps region are recorded. 


The mechanogram indicates that the maximal excursion of the arm, averaged 
for each S, varies from 0.07 mm. to 0.32 mm. In the majority of the records there 
is shown a practically uniform motion per sec. This ranges, in most instances, 
from 0.02 to 0.05 mm. per sec. Considering also other evidence in the physiologi- 
cal literature, we conclude that the detection of action-potentials in muscles al- 
ways signifies the presence of shortening of fibers. 
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It is evidently desirable to include as many tests as possible bear- 
ing upon the question whether S can imagine flexing the right arm or 
lifting a weight with that arm without actually engaging in at least a 
microscopic flexion of the right arm. The following tests are devised 
so 88 not to depend upon the reports of S. (Trained Ss all agree that 
in their experience it is impossible simultaneously to imagine bending 
the right arm and to keep it perfectly relaxed. Whether visualization 
can occur alone is a matter for subsequent tests.) 


(1) Sisinstruceted, upon hearing the first signal, to imagine bending the right 
arm or to imagine lifting a weight with that arm. Eleotrodes are attached to the 
right biceps region in the usual manner, and the lever is also attached as above 
described. 

(a) In one test, the above procedure is carried out and S is instructed to 
‘‘cease to imagine" when he hears the second signal. 

(b) Ina second test the procedure is the same, except thas S is instructed to 
"relax any muscular tensions presen? in the right arm" when ke hears the second 
signal. 

The photographic records produced in (a) and (b) are found to be identical in . 
type. They are entirely like those shown in Fig. 1. That is, with instructions and | 
records as above stated, the instruction to cease to imagine is followed by the same 
result as the instruction to completely relax muscularly. This is evidence, secured 
without the intervention of the report of S, that in this instance ceasing to imagine 
is, at least in part, the same prooesa as muscular relaxation. It supports the view 
that the microscopic muscular contraction i3 here requisite to the act of imagi- 
nation. 


(2) Sis instructed, upon hearing the first signal, to keep the right arm com- 
pletely relaxed and simultaneously to imagine bending the right arm or to imagine 
lifting a weight with that arm. Mechanical and electrical attachments continue 
as above described. 

(a) Inone test, the instruction is added that if S finds it impossible to imagine 
and to relax simultaneously as above directed, he shall at any rate engage in 
imagination. 

(b) Inasecond test, the procedure is the same, except thas here the additional 
instruction is that if S finds it impossible to imegine and to relax simultaneously 
as above directed, he shall at any rate keep his right arm perfectly relaxed. 

The photographic records produced in (a) are entirely like those shown in 
Fig. 1, while those produced in (b) are entirely like those shown in Fig. 2. This 
indicates, without the intervention of the raport of, S but entirely in conformity 
with that report, that it is found impossible simultaneously to imagine bending 
the right arm and to keep it perfectly relaxed. Analogous results apply to imagin- 
ing lifting a weight with the right arm. Tke photographic records indicate that 
S either imagines—whereupon action-potentials appear along with at least a 
microscopic flexion; or else relaxes the right arm completsly—whereupon the 
electrical and mechanical records are negative. 


ELECTROPHYSIOLOGY OF MENTAL ACTIVITIES 687 


The results recounted under (1) and (9) afford additional objective evidence 
that in the instances studied, slight muscular contraction is requisite to the process 
- of imagination. 


The galvanic reflex. Differences between the galvanic reflex 
(G.R.) and the action-potentials (V°s,) here found characteristic of 
imagination and recollection are as follows. 


(1) Voltage: G.R. has many times the voltage of V°sm and is commonly re- 
corded with the D’Arsonval galvanometer, which, as commonly used, is not 
sensitive enough to record V°sn. 

(2) Reaction-time: an interval of 1—4 sec. or more commonly intervenes 
between the stimulus and the occurrence of G.R. But only a fraction of a second 
commonly intervenes between the signal to imagine and elongation of V4. Evi- 
dence is presented that the latter phenomena are simultaneous with imagination. 

(3) Frequency per second: G.R. commonly lasts considerably more than 1 
gec., while V^s4 occurs frequently per eeo. 

(4) Waveform: G.R. is a rise or fall of curve, while V^, at usual film rates is a 
series of connecting almost vertical lines. Photographic records of V^ during 
imagination resemble those taken with similar attachments when S bends his arm 
I cm. or more, excepting the above-mentioned difference in voltage. 

(5) Direction of potential: G.R. often is chiefly unidirectional with respect to 
the line of zero potential. But in all instances either electrode used in recording 
V^?s is alternately positive and negative frequently per sec. 

(6) ‘Tissue of origin: G.R. arises from changes within the skin—sweat gland 
secretion, vascular changes, or altered permeability of cells; while V^; can be 
recorded directly from muscular tissue, when the akin has been excluded. 

(7) Stimulus: for G.R. an exciting sensory stimulus or some word is selected 
to arouse the emotions. The reaction is involuntary. For V°sm, a particular 
instruction is given to imagine or recollect, and S carries it out and ceases, at will. 

(8) Contraction: during imagination and recollection, there occurs a mus- 
cular contraction, practically simultaneous in duration with the action-potentials. 
Since the galvanic reflex is generally conceded to be due to electrical effects de- 
pending upon elements in the skin, the proof is now conclusive that the electrical 
manifestations (V°s,) during imagination and recollection are not galvanic 
phenomena. 


An objective measurement of introspection. The coincidence of the 
occurrence of imagination and of lengthened string vibrations is 
clearly brought out in certain additional tests. A signal magnet is 
arranged to record on the photographic record a line which can be 
broken when S presses the button of a switch with his left index 
finger. He is instructed to press the button during the period when 
imagination is taking place, releasing it at other times. After a little 
practice, this can be done successfully.: To be sure, a perfect paral- 
lelism in time between the large linear deflections and the indicated 
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process of imagination is not expected. Deviations of a fraction of a 
second will doubtless occur, since this period of tims may be required 
for S to perceive that he is imagining or has ceased to imagine. In 
order to gain some idea of the reaction-time of these 3 Ss, as they lay 
upon the couch with eyes closed, they were requested to press the 
button during periods when s buzzer sounded. For all 3 the average 
value was 0.24 geo. 

According to the signal line thus made by the Ss in these tests, the 
period during which imagination takes place coincides with the period 
during which the string shows lengthened vibrations, except for 
fractions of a second at the beginning or end. As anticipated, the 
reaction-time of S in pressing the button needs to be taken into ac- 
count. Fifty figures were secured for the 3 Ss in total, representing 
the discrepancies in onset or conclusion between the period of 
lengthened vibrations and the period of imagining indicated by the S. 
The average for these figures was found to be practically identical 
with their average reaction-time as determined by the method de- 
scribed in the previous paragraph; namely, o.23 sec. The extremely 
close correspondence of the latter figure to the value 0.24 previously 
mentioned is probably in part accidental; but making due allowance 
for this, the result indicates that the period of imagining coincides 
with the period of lengthened vibrations, subject to the slight discrep- 
ancies introduced by S’s reaction-time. 

The procedure just described is of interest in that, viewed from a 
certain angle, it is an objective test of S’s introspective observation. 
So far as I know, this is the first instance on record where such ob- 
jective measurement has been accomplished. | 

Relaxation of mental activities. Following the onset of the second 
signal, which signifies that S is to cease to imagine, there generally 
occurs with Ss who have been trained to relax a distinct diminution 
of the large deflections within a time-interval of o.2 to 0.5 sec. A 
complete disappearance of such deflections generally occurs under the 
same conditions within 1.5 sec. Exceptions to this generally were 
infrequent with the trained Ss, but they occurred more often with 
2 out of 3 of the untrained Ss. Most nctably, an untreined S failed to 
relax, as indicated by the persistence of lengthened deflections, on one 
occasion for 7 min. and on another occasion for more than 2 min. 

The amputated limb. In the light of the foregoing observations it 
becomes of interest to inquire what occurs in individuals with am- 
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putated limbs who assert that they ean do everything in imagination 
with the lost part that they can do with the intact part. 

The left arm of & graduate student at the University of Chicago 
had been amputated above the elbow-joint at about the age of 8 yr. 
He said that he could imagine doing anything with his left hand that 
he could do with his right. This assertion would harmonize with our 
results if it meant that upon imagining acts with his left hand he 
merely visualizes or verbalizes the action; but not if it meant that he 
could imagine acts with the lost hand fully in the same physiological 
manner a8 normal Ss. 

In brief, the results with this S show that when he imagines bend- 
ing the missing left hand, there generally occur action-potentials from 
the stump-biceps muscle as well as action-potentials from the muscles 
that flex the right hand. In other words, when this S engages in 
mental activity concerning his left hand, certain muscles contract; but 
these, for example in imagined flexion, instead of being merely the 
muscles that flex the left hand, as in intact S, are in the stump of the 
upper arm, or in the intact arm, orin both places. S was not informed 
as to the purpose or methods of the investigation. It was therefore of 
striking interest, when, after he had evidently engaged in subjective 
observation during a number of tests, he suddenly volunteered that he 
desired to correct his original statement that ‘he can imagine doing 
anything with his left hand that he does with his right." He now 
stated that when he does something with his right hand the left seems 
in imagination to duplicate the performance, going through the same 
experience. But he never has experiences of his left hand’s performing 
any act independently of the right. He adds, “My imagination of 
bending the left hand is but a shadow—a duplicate of what the right 
hand is imagined to perform.” In short, his original statement is 
ambiguous and he corrects it. He can imagine doing anything with 
his left hand that his right hand does, but only under one condition; 
namely, that the right hand, at the moment of the imagination, 
actually engages in that same act or is imagined to engage in that 
same act. No independent imagination, such as exists for intact Ss, 
exists for this S’s left hand. 

We find, then, that in this S’s mental activities involving the 
imagined or recalled use of the lost muscles which flex the left hand, a 
substitution-reaction occurs in the corresponding muscles of the right 
hand or in the remnant muscles of the left upper arm or in both. In 
normal Ss, it was found, at least after a little practice, that mental 
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activities involving the muscles of the left hand are generally ac- 
companied by no reaction in the right arm. A certain measure of 
independence exists for the two sides, particularly after a little prac- 
tice. But this S apparently has lost the ability to imagine his left 
hand acting independently of his right hand. . 

Visual imagination and recollection. Visual imagination and recol- 
lection are tested with electrodes placed near the eyeballs. The 
circuit used yields a pattern on the photographic record distinctive for 
looking in each particular direction. During & period of general re- 
laxation, when the galvanometer string is vibrating slightly and 
uniformly, recording a fairly horizontal band on the photographic 
paper, the signal is given which will incite the subject to visual imagi- 
nation. Generally within a fraction of a second, the string shoots 
forth and back or alternately for fractions of a second or more, 
producing deviations from the horizontal on the photographs. These 
deviations cease soon after the signal is given to relax any muscular 
tensions present. 

If the room is not too dark, E can generally observe that the 
closed eyelids of Ss appear quiet during extreme relaxation, whereas a 
slight movement or convergence of the eyeballs as a rule can be 
detected at the moment of visual imagination. Likewise the photo- 
graphic records for visual imagination show patterns resembling 
those above-described for eye-movements. For instance, the pattern 
for imagining Eiffel Tower is practically identical with the pattern of 
the same S for looking upward. Evidently in imagining the tower, 
the S’s eyeballs move upward, somewhat as they would upon actually 
seeing a tower. Correspondingly he reports that in imagining he 
looks from the base to the top of she tower. 

In general, during visual imagination and recollection, we find that 
electrical records are secured from the ocular muscles, producing 
photographic patterns like those following instructions to look in one 
direction or another. As shown by these records, eye-movements 
(or convergence) characteristically occur during visual imagination 
and recollection. 

When the trained S is requested to relax his eye-muscles, the curve 
becomes relatively horizontal and straight and, according to his re- 
port, the visual imagination or recollection disappears. Furthermore, 
if interrupted at any time when the curve has bean relatively hori- 
zontal and straight, even if no instruction to relax has been specifi- 
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cally repeated, he reports that visual imagination and recollection 
have been absent. i 

Variation of specific muscles contracting during tmagination. On 
introspective grounds, psychologists have long assumed that the same 
act or object can be imagined by S at different moments through 
different types of imagery. For instance, lifting a weight with the 
right arm might be imagined with “muscular imagery" in the right 
arm, or again with visual imagery. The physiologist is obliged to 
avoid such assumptions, but needs to develop objective tests. These 
are made in the present instance by attaching a set of electrodes in the 
ocular region of the subject, while the lever is used simultaneously to 
record flexion of the right forearm. 

When the trained S is instructed "to visualize bending the right 
arm," voltage changes in the ocular region, as from eyeball move- 
ment, are recorded in almost all instances. But under the same con- 
ditions, action-potentials are absent from the arm-musoles in almost 
allinstances. This indicates that the matter of bending the right arm 
may be imagined in at least two physiological manners: (1) in visuali- 
zation—that is, with contraction occurring in eyeball muscles; and 
(2) in muscle sensation—that is, with contraction occurring in muscles 
of the right arm. | 

Further tests are made with electrical and mechanical recording 
instruments applied as above set forth, but the instruction merely is 
to ‘imagine bending the right arm," or to “imagine lifting a ro-Ib. 
" weight." While the 3 Ss employed minutely flex the right forearm in 
all instances during such imagination, they visualize in some instances 
but do not in others, as indicated both by the objective records and by 
their subjective reports.” 

In different Ss, then, the same muscles do not always contract 
during the imagination or recollection of a particular act or object. 
But the results indicate that during imagination or recollection, 
muscular contraction, if absent from one region, will be found in 
another. It is presumed that this principle explains why the instruc- 
tion to imagine using the right arm is not invariably followed by the 
occurrence of action-potentials in the right arm: in such instances, we 
assume, S merely visualizes the act. Further tests in this direction 
remain to be performed. 

The speech musculature. Investigations also have been carried out 
on.the musculature of speech during imagination, recollection and 
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abstract thinking. Since Plato called thinking ‘an inner speech," 
nothing definite has been developed on the physiology of this re- 
lationship. 

Introspective accounts of Erdmann,“ Geiger,“ Stricker and others agreed 
that during mental activity there commonly occur feelings like those present in 
the musculature during actual speech, but left in doubt whether these feelings 
arise from peripheral contractions. This doubt persists to date. Dodge reporta 
that after anesthetizing his tongue and lips with 20% cocaine solution, “inner 
speech" is not disturbed, showing its independence from peripheral elements. ` 
Mechanical methods to record movements in the speech-organs during mental 
activities have brought divergent results in the hands of various investigators. 
Positive results, at least in a considerable proportion of tests, have been reported 
by Curtis, Courton,!* Tomor, Wyczoikowska,*? Reed,* Golla,“ and Clark,” but 
negative results by Krall,* and particularly by Thorson.™ The latter points out 
the inadequacy of previous methods used to record movements in the speech- 
organs and, employing Sommer’s tridimensional analyzer, obtains magnifications 
up to 4.5. In spite of these improvements upon previously used methods, she 
finds that her experiments “throw no light on the actual mechanism of internal 
speech,” and that they show “no qualitative correspondence between overt 
speech and implicit speech during the verbal formulation of the same ideas." 
Likewise after a comprehensive review of the whole subject, Schilling finds that 
investigations have not yet made it possible to say conclusively a as to the bodily 
accompaniments of inner speech.” 


The present tests are made with electrodes in the muscles of the 
tongue or under-lip. Instructions are chosen to include not alone 
imagination and recollection, but also other types of mental activity. 
Briefly stated, the instructions include: to imagine counting; to 
imagine telling your friend the date; to recall certain poems or songs; 
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to multiply certain numbers; to think of abstract matters such as 
‘eternity,’ ‘electrical resistance,’ ‘Ohm’s law,’ the meaning of the word 
‘incongruous,’ or ‘everlasting;’ and to make up your mind what you 
are going to do tomorrow. 

When the electrodes are connected in the speech musculature of 
the trained S, the string shadow is practically quiet during relaxation. 
But promptly after the signal is sounded to engage in mental activity 
involving words or numbers, marked vibrations appear, indicating 
action-potentials. Soon after S hears the signal to relax any muscular 
tensions present, the vibrations cease, and the string returns to rest. 

The series of vibrations occur in patterns evidently corresponding 
with those present during actual speech. For if the amplifier rheostat 
is set for a relatively low sensitivity and the instruction has been, 
‘When the first signal comes, count aloud but as faintly as possible, 
‘One, two, three,’ " three series of vertical lines are generally found on 
the photograph separated by a horizontal interval. If now the am- 
plifier rheostat is changed to & sufficiently higher sensitivity and the 
instruction is this time to imagine or to recall counting but not ac- 
tually to count, a quite similar photograph is secured. Likewise when 
verbal matters, such as a poem, are imagined or recalled, records of 
action-potentials are secured resembling those from actual faint 
speech, but of considerably less voltage. 

For control tests the instructions are; (1) “When the signal comes, 
do not bother to imagine;" (2) “Imagine Eiffel Tower;” or (3) 
"Imagine lifting a 1o-lb. weight with the right forearm." In the tests 
previously described, (1) was found to be followed by no evidence of 
muscular contraction, (2) by evidences of contraction in muscles that 
move the eyes, and (3) by contraction in muscles that flex the right 
forearm. But in the present tests for contraction in the muscles of 
speech, these three instructions afford negative results. 

Following each of the objective tests here described, reports were 
secured in detail from 3 Ss who had been trained to introspect. They 
agreed that during mental activities involving words or numbers, they 
feel tenseness in the tongue and lips as in saying those words or num- 
bers, except that the feeling is slighter and more fleeting. These re- 
ports conform with our objective findings. 


CONCLUSIONS 
(1) When the S, lying relaxed with eyelids closed, engages in 
mental &ctivity such as imagination or recollection, contraction 
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(commonly slight and fleeting) occurs in specific muscles. Evidence 
is thus afforded that the physiology of mental activity is not confined 
to closed circuits within the brain but that muscular regions participate. 

(2) During visual imagination. or recollection, the muscles that 
move the eyes contract, as if S were looking at the imagined object. 

(3) During what psychologists term ‘inner speech,’ muscles in 
the tongue and lips contract as if to say the words in swift and ab- 
breviated manner. 

(4) During imagination or recollection of muscular acts or of 
matters that involve such an act on the part of the S, contraction 
occurs in some of the muscle-fibers which would engage in the actual 
performance of the act. Exceptions are noted when visualization 
occurs alone which is characteristic of some Ss. 

(5) During a particular mental activity, the muscles of a quietly 
lying S, trained to relax, remain as a rule inactive, excepting those 
specifically engaged as above stated. 

(6) Electrical records along with subjective reports indicate that 
during general progressive muscular relaxation, imagery and thinking 
processes dwindle and disappear. 

(7) Relaxation of the specific muscular contractions present 
during a particular mental activity brings about the disappearance of 
that activity. This is accomplished by trained Ss in periods some- 
times varying from about o.2 to 1.5 sec. as measured by action- 
“potentials. 

(8) The action-potentials measured in the present investigations 
are proved to be very different from the galvanic reflex. 

(9) A method of measuring neuromuscular processes in mental 
activities is presented, and the possibility of the development of a 
branch of study analogous with physical chemistry, and which may 
appropriately be called physical psychology, is herewith opened. 


THEINFLUENCE OF DEGREE OF INTERPOLATED LEARN- 
ING UPON RETROACTIVE INHIBITION 


By Jonn A. MoGuoon, University of Missouri 


One of the functional relationships which it is important to es- 
tablish in the field of retroactive inhibition is that between degree of 
learning and amount of inhibitory effect. It is desirable to know, 
not only what this relation is in cases where inhibition appears, but 
also whether there are degrees of learning which place the material 
learned beyond susceptibility to inhibition. In an experimental 
attack upon this problem the originally learned material constitutes 
one aspect with respect to which degree of learning may be varied, 
and the interpolated material constitutes another. The general 
problem, which is, experimentally, a clean cut and simple one, never- 
theless raises some far reaching questions which bear upon the inter- 
pretation of results in the whole field of retroactive inhibition. 


It was found in & previous study that the relative amount of retroactive 
inhibition varied inversely as the number of presentations given the original lista.! 
The frequency of repetition of the interpolated nonsense syllable lists was constant 
at rr repetitions, while the frequencies of the original lists varied in increments 
of five from 6 to 26. Even with a number of presentations as high as 26, how- 
ever, with the consequent overlearning, the amount of the inhibition was, in 
terms of recall scare, 46.2%, and in terms of saving score it was 5.3%. It is 
evident that a high degree of overlearning does not free liste of nonsense syllables 
from the disintegrating effects of interpolated lists. These resulta at once prepare 
the way for a study of the effect of a variation of the degree of learning of the 
interpolated instead of the original lista. 

The problem of the present study is to measure the influence of 
varying degrees of interpolated learning upon amount of retroactive 
inhibition, under conditions comparable -to those obtaining in the 
previous study, when the original lists are given a constant frequency 
of presentation. In this experiment, as in the previous one, the 
methodological assumption has been made that degree of learning 
will increase with increasing frequency of presentation. 





*Accepted for publication June 1, 1931. i 
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ExPEBRIMENT I 


Method. The same lista of 9 nonsense syllables used in the preceding experi- 
ment were employed here, They were exposed at a 2-sec. rate on an electrically 
driven drum and were learned by the anticipation method, the Ss being a&’ked to 
anticipate the syllables by spelling instead of by pronouncing them. Only 8 
syllables were learned since, in the anticipation method, the initial syllable is a 
cue only and is not learned. All Ss were given practice series on 3 days on each of 
which they learned a list of 0% syllables,? that were much more difficult than 
the mixed lists of the experiment proper. 

The original lists were given & constant frequency of 11 repetitions, which 
is the same as that given the interpolated lista in the preceding experiment. 
The interpolated lists were given 6, 11, 16, 21, and 26 presentations, which are 
the numbers previously employed with the original lists. Thus, six experimental 
sittings were required: one rest condition and a work condition at each of the 
five frequencies listed. 

Under the rest condition S was given 11 repetitions, followed by a 10-min. 
period of non-learning activity during which he was instructed to read silently 
from a book of humor, marking the three best jokes out of every ten.* All of 
the Ss were inexperienced and would have found it difficult to maintain unaided 
& rest period without rehearsal, and this method was used to insure as much as 
possible against rehearsal It is thought, from all the evidence available, that 
this method is effective. At the end of the 10-min. interval the list was relearned . 
to 3 perfect repetitions in succession. 

Under the work condition S was given 11 presentations, followed by a 30-8ec. 
interval during which a second list was prepared for exposure. Immediately 
following this interval S was given either 6, 11, 16, 21, or 26 repetitions of an 
interpolated list. The remainder of the ro-min. period, not occupied by the 
interpolated presentations, was filled as under the rest condition. At the con- 
clusion of the 10-min. interval the original list was relearned to a criterion of 3 
perfect trials in succession, and the interpolated list was given one relearning 
presentation in order to guard against any suepicion on the part of S that this 
list was less important than the original list and hence to be studied less vigorously. 

Subjects. Twelve college students, 5 men and 7 women, went through two 
complete cycles. That is, they went through the rest and the 5 work conditions 
twice, in an order which counterbalanced practice effects and positions of syllable 
lists. External conditions were kept at a high degree of constancy throughout. 


Scoring. The data have been scored in the following ways. (1) The total 
number of correct anticipations has been found for both original and interpolated 
lists, and these numbers have been used as checks upon degree of learning. 
(2) Recall scores have been found in terms of the number of syllables correctly | 
anticipated at the first relearning trial. Similar scores in terms of the second 


*J. A.-Glaze, The association value of non-sense syllables, J. Genet. Psychol., 
35, 1928, 255-269. 

‘It was necessary to use a 10-min. interval, instead of the 5-min. interval of 
the previous experi PRR order to give time for as many as 26 interpolated 
repetitions which, with the time for changing from one list to another, occupied 
e 9 min. It is unlikely that this difference should significantly affect the 
r 
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relearning trial have also been computed, but little usa will be made of them. 
(3) The numbers of trials required for relearning to a criterion of one perfect 
trial and to the more rigorous criterion of three perfect trials in succession have 
been found and from them saving scores have been derived. (4) Relative retro- 
active inhibition has been stated, for both recall and saving scores, in terms of 
the formula: (R— W)/R, in which R æ the rest score and W = the work score. 


Results. The first step necessary in the examination of the results 
is to inquire whether the constant frequency of rr repetitions has 
been accompanied by a corresponding constancy in the number of 
correct anticipations. It is highly important to ascertain as accu- 
rately as possible whether the conditions have actually produced a 
uniform factor which may fairly be labelled constant degree of learn- 
ing. The number of correct anticipations may be employed as a 
control measure. -Itis clear from Table I that there are no differences 


TABLE I 
Maran NUMBERS or CORRECT ANTICIPATIONS 
. (Original lists) 
Interpolated frequencies* 
Rest 6 II 16 21 26 
Cydel ^ 41.7 44.8 40.5 45.4 46.0 43.4 
Cycle II 49.4 50.5 46.1 48.7 53-1 49.4 


*The number of records included in the means is 12 for each cycle. 


which are important in amount or consistent in tendency between 
the different means within each individual cycle. Differences of four 
or five correct anticipations between means for 11 trials by every one 
of the 12 Ss are of such little significance that it is unnecessary to 
present evidence of their statistical unreliability. The means for the 
second cycle are uniformly higher than are those for the first, thus 
indicating a clear practice effect from cycle to cycle. Intra-cycle 
practice effects, however, have been counterbalanced. It may fairly 
be assumed, then, that differences between the amounts of retroactive 
inhibition produced under the different conditions of interpolation 
are not influenced to any important extent by inequalities in the 
learning of the original lists. 

Recall scores in terms of the mean number of syllables correctly 
recalled (anticipated) on the first relearning trial, and the inhibition 
in recall, are given in Table II. The two cycles agree closely and only 
the relative retroactive inhibition in terms of total scores need be 
considered. Every interpolated frequency produces a large per- 
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centage of inhibition, but the 6-repetition condition yields from 15- 
26% less than does any of the others. The four other work condi- 
tions vary unreliably among themselves and must be considered 
equal* The numbers of anticipations on the second relearning trial 
agree in tendency with the recall scores just discussed, although, as 
is to be expected, the amounts of inhibition are smaller at the second 
trial. They are, for the five degrees of interpolated learning, 31.3, 
54.9, 46.4, 42.4, and 42.4. 


TABLE II 
RECALL SCORES AND RETROACTIVE INHIBITION 
(Original lista) 
Interpolated frequencies 
Rest 6 II I6 , 21 26 
Cycle I 4.00 I.16 75 .50 1.00 .66 
Cycle II 5.33 2.66 . 58 .9I 1.00 .83 
Both Cycles 4.66 I.91 .67 WE I.00 .75 
Oy .40 -34 .17 .17 „2I .18 
% Retroaction 59.0 85.6 84.7 78.5 83.9 ` 


It may be concluded, therefore, that 6 repetitions of an inter- 
polated list produce a degree of retroactive inhibition which, though 
large, is less than that yielded by numbers of repetitions from 11 to 
26. Frequencies of 11, 16, 21, and 26 produce virtually equal amounts 
of inhibition. When interpolated learning is slight, it appears that 
retroaction is a function of degree of learning, but that as complete 
mastery is approached and passed, additional increments have no 
observable effect. 

The results from relearning are, in implication, similar to those 
from recall. The data for relearning to a criterion of 3 perfect trials 
are the more significant (Table III). Again the two cycles are in 
essential agreement and there is a practice effect from cycle to cycle 
which is rather large in amount. Roughly half of the original trials 
are saved at relearning after rest, but far less than half after the work 
conditions. When the original lists have a frequency of rr, any 
frequency of interpolated learning from 6-36 has a strikingly in- 
hibitory effect. Six repetitions produce less inhibition than do 11, 16, 
OT 2I T which are uu iia. in effect, and than 26 
these four conditions is reliable The uides of 2.75 between the means for 
rest and the 6-repetition condizion has a sigma of +0.52, however. The differ- 


enc beiwedi the rest condition and the other work conditions are still more 
reliable. 
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repetitions, which yield a degree of retroaction midway between that 
produced by 6 and by 11, 16, and 21. This decrease in retroaction 
from 21~26 repetitions cannot be considered significant in view of 
the fact that the difference between the two means concerned is 
0.84 + 2.29 It must be concluded that, although amount of 


TABLE III 
RELEARNING Scores AND RETROACTIVE INHIBITION 
(Original lists) | 
Interpolated frequencies 
Rest 6 II 16 21 26 


RL Trials, Cycle I 6.16 10.08 11.16 II.I6 II.00 IO.9I 
RL Trials, Cycle II 4.50 5.58 7.75 7.33 8.08 6.50 


Both Cycles 5.33 7.83 9.46 9.25 9.54 8.70 
Ou I.OI 1.28 1.18 1324 1.73 1.50 
Saving (Both Cycles) 51.5 28.8 I4.0 I5.9 13.2 20.9 
% Retroaction 44.1 72.8 > 69.1 74-3 59.4 


inhibition is a function of the method of measuring retention, the 
influence of varying degrees of interpolated learning is in tendency 
the same for both recall and relearning. That is, the four higher 
frequencies yield nearly equal amounts of inhibition, which are less 
than that following 6 repetitions. The data for relearning to a 
criterion of only one perfect trial corroborates this conclusion. 

It is necessary to inquire whether the increasing frequency of 
presentation of the interpolated lists has been accompanied by a 
corresponding increase in the number of correct anticipations. The 
latter may again be taken as a second measure of degree of learning 
and may be employed as a check upon frequency. It is evident from 
Table IV that the number of correct anticipations increases con- 


TABLE IV 
MxzAN CORRECT ÁNTICIPATIONB 
(Interpolated lista) 
Interpolated frequencies 

6 II I6 21 26 
Cycle I I5.6 42.4 75.4 II4.5 144.6 
Cycle II 16.4 48.0 84.6 I17.8 157.7 

‘None of the differences between the means of the rel ing trials under the 


work conditions is statistically significant; and no difference between the rest 
and any of the work conditions is as much as three times ite sigma. In the latter 
case, however, it may safely be assumed that the consistency with which the 
means for the work conditions exceed that for the rest condition assures the 
validity of the tendency. ° : 
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gistently and almost linearly as frequency increases from 6—26 in each 
cycle. One may, therefore, conclude with the more assurance re- 
garding the influence ‘of degree of learning, since two independent 
quantifications of it agree. 

For comparison, the percentages of retroaction found in this and 
in the preceding study of degree of learning and retroaction are 
reproduced in Table V. It is clear from a comparison of these results 
that the influence of a variation in frequency is a function of the 


TABLE V 
COMPARISON OF THE PERCENTAGES Or RETROACTIVE INHIBITION WHEN THE 
FREQUENCY OF REPETITION OF ORIGINAL AND OF INTERPOLATED Lists 18 VARIED 


Frequency Number of repetitions 
varied in 6 II 16 21 26 
Recall Original 82.2 78.4 64.8 61.5 46.2 
Interpolated 59.0 85.6 84.7 78.5 83.9 
. Original 108.5 23.5 13.0 10.5 . 5.3 
Relearning 
Interpolated 44.1 72.8 69.1. 74.3 59.4 


particular list in the retroaction set-up to which it is applied. When 
a constant frequency of 11 presentations is applied to the inter- 
polated lists and the frequency of ths original lists varied as in the 
interpolated learning of the present experiment, retroactive inhibition : 
decreases consistently as frequency increases. In the present experi- ' 
ment, however, it increases only from 6 to rz repetitions of the inter- 
polated material and remains virtually constant thereafter. Thus, 
increasing degrees of learning of the original lists free them progres- 
sively from the disintegrating effects of a constant interpolation, 
while an increasing degree of interpolated learning, beyond 6 repeti- 
tions, neither enhances nor diminishes the susceptibility of the 
original lists when learned to a constant degree. It is particularly 
noteworthy that the retroaction in terms of relearning remains high 
throughout in this case, while falling sharply in the former. 

Another important factor which apparently affects amount of 
retroaction is the amount of practice at the experimental conditions 
under which, in any given case, the inhibition is being measured.® 

‘The appearance of a practice effect whereby inhibition decreases with repe- 
tition of the experimental conditions has been reported before. See, for example 
E. B. Robinson, Some factors determining the degree of retroactive inhibition, 


Psychol. Monog., 28, 1920, (no. 128), 1-57; The ‘similarity’ factor in retroaction, 
this JOURNAL, 39, 1927, 297-312; and McGeoch, op. ett. 
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This factor may be examined in the present experiment by comparing 
the amount of retroactive inhibition obtained in the two cycles 
separately. ‘This comparison is shown in Table VI. In terms of 
recall score, retroaction decreases markedly from the first to the 
second cycle only at the 6-repetition condition. At the other fre- 
quencies there is no marked or consistent change. In terms of re- 
learning, however, there is a strikingly large decrease in retroaction at 


TABLE VI 
RerROAOTIVE INHIBITION BY CYCLES 
| Number of repetitions 

6 II 16 2I 26 
Recall Cycle I 71.0 81.2 87.5 75.0 83.5 
Cycle II 50.I 89.1 82.9 81.2 84.4 
f Cycle I: 8I.I 103.1 103.1 100.0 98.6 
Rer : Cycle II 16.6 50.0 43.5 55.0 30.6 


the second cycle. In percentage terms the decrease runs roughly 
between so and 68. This marked decrease in inhibition at the second 
cycle occurs in spite of the somewhat larger numbers of correct 
anticipations at this cycle, as shown in Table IV. It is worth noting 
that, in the second cycle, there is considerably less inhibition in re- 
learning after an interpolation of 26 repetitions than after any of the 
other frequencies above 6. The difference concerned is not statisti- 
eally reliable, but it suggests that, if practice were carried sufficiently 
far, there might be, parallel with a general decrease in susceptibility 
to retroactive inhibition, an inverse relation between frequency and 
inhibition, at least at the higher frequencies. 

The influence of practice is, in this case at least, a function of the 
method by which retention is measured, the influence being almost 
absent in the case of recall and very marked in relearning. It is, 
also, a function of the list the frequency of which is varied. In the 
previous experiment, in which the frequency of the original lists was 
varied, a clear decrease in retroaction occurred from the first to the 
second cycle, when retroaction was measured in terms of recall, while 
almost no decrease appeared when relearning was the measure. 


EXPERIMENT II 


Method. In this experiment the method of complete presentation has been 
employed with rio nonsense syllables constructed proportionately from the o, 
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6.66 and 13.33 % meaningful divisions of the Glaze list. The original liste were 
studied for 120 sec., while the time devoted to studying the interpolated lista 
was varied in steps of 30 sec. from 60 to 180 sec. 

Under the rest condition the Ss studied a list for 120 sec., were then given 
45 sec. in which to write a recall, and were then allowed a reripd of 5 min. of 
no learning activity or rest. During this rest period they were asked to read 
silently from a humorous magazine, marking on each page the two jokes which 
were considered best. The Ss considered the marking of the jokes a second part 
of the experiment, and their behavior while reading and marking, together with 
their reports at the end of the experiment, indicate that rehea-sal was at a mini- 
mum. At the end of the 5 min. period a second recall was taken, for which 45 
sec. were allowed. 

Under the work condition the Ss studied a list for 120 sec., were then given 
45 sec. in which to write a recall, and immediataly thereafter were given a second 
list to learn. Varying times—6o, 90, 120, 150, and 180 sec.—were devoted to 
this interpolated learning, making 5 sub-conditions of work. At the end of the 
interpolated study, 45 sec. were devoted to a recall of the list studied, followed 
by the reading of jokes for the remainder of the 5 min. At the end of this time 
a second recall of the original list was taken; and then a second recall of the 
interpolated list in order to prevent & suspicion that it was less important than 
the original list and hence less to be studied. 

The 45 sec. period permitted for the recalls under all conditions gave ample 
time for virtually aH Ss. The necessary lists, face downward and numbered, 
with paper for the writing of the recalls, were given to every S at the beginning, 
and the time schedule of the experiment was followed uniformly and smoothly. 

Subjects. Forty-two college students, in groups of three, went through each 
of the six conditions—one rest and five work conditions—of the experiment in 
an order which counterbalanced practice effects. Every S had, of course, an 
individual copy of the lists and of the magazines used, and was seated far enough 
from every other S to prevent the giving or receiving of assistance. 

Scoring. The resulta were scored in two ways: (1) by counting each syllable 
correctly recalled and in the right position as one (the Ss were instructed to learn 
and recall the syllables in order); and (2) by Lyon’s method which assigns partial 
credits in terms of both syllable and position.’ It would be inaccurate to compute . 
the amount of retroactive inhibition directly in terms of the numbers of syllables 
recalled after the interval, since this would take no account of the number origi- 
nally learned. Hence the measure of retention used is the percentage which the 
number recalled after 5 min. is of the number recalled immediately. The per- 
centage of retroactive inhibition is, then, the difference between the percentages 
of retention under rest and work divided by the percentage under rest (rest 
minus work over rest). 


Results. The data are summarized in Table VII. Recall r refers 
to the mean numbers of syllables recalled. immediately after the 
learning of tbe original lists, and Recall 2 to the mean numbers re- 


7D. O. Lyon, A rapid and accurate method of scoring nonsense syllables, this 
JOURNAL, 24, 1913, 525-531. 
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called after the s-min. interval. The scores in the Recall 1 column 
are, thus, measures of the degree of learning of the original lists under 
a, constant learning time of 120 sec. They fluctuate somewhat, but 
hardly over a sufficient range to vitiate the conclusions to be drawn 
regarding amount of retroactive inhibition. 8 


TABLE VH 
RECALL Scores AND RETROACTIVE INHIBITION 

Condition Recall 1 Recall 2 95 Recall 95 Retro- 
Av. c Av. D. action 

Rest 5.404 2.25 4.238 2.32 78.42 
Work— 60 seo. 4.928 2.22 1.857 2.02 37.68 51.95 
Work— 90 sec. 5.738 2.31 1.976 2.47 34.43 56.09 
Work—120 sec. 4.619 2.12 1.309  I.77 28.33 63.87 
Work—150 sec. 4.976 2.83 1.309 1.73 26.31 66.44 
Work—180 gec. 5.238 2.27 1.738 1.80 33.18 57.68 


The Recall 2 under the rest condition is clearly much greater 
than under any of the work conditions and this superiority is re- 
liable statistically. The work conditions do not differ by any very 
great amounts among themselves. The outstanding feature of the 
recalls under work is that the percentages of recall decrease steadily 
and, correspondingly, retroactive inhibition increases, from 6o- 
150 sec. of interpolated learning. The differences involved are not 
reliable statistically, but the consistency of the tendency argues for 
the conclusion that retroaction tends to increase slowly with increase 
in time spent in interpolated learning from 60-150 sec. The decrease 
in inhibition from 150-180 sec. of interpolated learning cannot be 
considered established statistically. As it stands, however, it sug- 
gests the possibility that amounts of time beyond 150 sec. devoted to 
interpolated learning might be accompanied by decreasing amounts of 
retroaction. This suggestion is reénforced by the fact that, in Experi- 
ment I, there was in terms of relearning a likewise small though un- 
reliable drop from 21 to 26 repetitions. 


In order to test the possibility just mentioned, a check experiment 
was performed, employing the same experimental procedure and the 
same lists with rs Ss. A rest and two work conditions were used, the 


*The results yielded by Lyon’s method of scoring agree closely with those 
given and are not, therefore, reprodu 

"The difference between Recall 2 under rest and the corresponding 
score under work (at 90 sec.) is 2.262 + .52. The oe ifferences, as can be 
seen by inspection, are still more reliable. 
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latter with interpolated learning times of 150 and 240 aec. An experi- 
ment with three conditions does not exactly duplicate on a smaller 
scale one with six conditions, cn account of the smaller opportunity 
for such inter-list effects as practice and negative transfer to occur. 
It should, however, yield tendencies which are comparable. The 
check experiment gives percentages of recall as follows: rest, 80.00; 
work, 150 sec., 28.30; and work, 240 sec., 34.61. The percentages of 
inhibition under the two work coriditions are 64.63 and 56.74. The 
differences concerned are statistically unreliable, but the tendency is 
the same as that found in the major experiment. These results 
cannot be taken as final with regard to the magnitude of the decrease 
in retroaction as the time given to interpolated learning increases be- 
yond 1s0 sec., but they are important as corroborating the fact of the 
decline. 

It remains to inquire whether the changes in amount of inhibition 
have been accompanied by corresponding variations in the learning of 
the interpolated lists. One would expect the immediate recalls of 
these lists to increase as the time given to study increases. This is 
not the case. The means for the five study times are, in order: 
4.595, 4.428, 4.571, 5.952, and 5.523. The two last, after 150 and 
180 sec. of study are higher than the others, but there is a definite 
lack of uniformity of increase. Clearly, immediate recall does not 
vary consistently with learning time under complete presentation, 
although retroaction does vary consistently from 60 to rgo sec. of 
interpolated learning. Evidently factors not measured by immediate 
recall are involved. 


PROBLEMS INVOLVED IN MBASURING DEGREN or LuARNING 

In this paper and in the preceding one on the same general problem, degree 
of learning has been quantitatively controlled for experimental purposes in 
terms of frequency of repetition, and a second measure has been used as a check 
upon the methodological assumption that frequency of repetition may be used to 
define degree of learning. This second measure is the number of correct antici- 
pations at each frequency. In the former experiment &nd in this one there has 
been an almost linear relation between frequency values and numbers of correct 
"um which serves in one sense to corroborate the assumption mentioned. 


10The smaller recall after 180 sec. of interpolated learning can not 
certainly be s ed to for an explanation of the smaller retroaction at the latter 
condition on account of the general irregularity of the recalls efter the other 
study times and the pitas fom regularity of the increase of retroactive 
inhibition notwithstanding; altho the fact that the immediate recalls in the 
check experiment were 5.866 after 150 sec. of study and 5.333 after 240 sec. 
points in that direction. 
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When time spent in study has been used as & criterion, experimentally, of degree 
of learning, as in Experiment IT, it has been checked by computing the number 
of syllables which could be recalled immediately. Interestingly enough, this by 
no means bears a linear relationship to time, though, even when the number 
recalled does not increase, degree of retroactive inhibition may. Time and num- 
ber recalled are evidently different matters. 

It should be pointed out that the methods used for specifying degree of learn- 
ing by no means exhaust the problem; and it may also be noted that even in the 
apparent simplicity of the experimental procedure employed there are variables 
still uncontrolled, whose influence, if it exists, is entirely unknown. The latter 
difficulty will be discussed first and its discussion will indicate some of the other 
possible ways of specifying degree of learning. 

(1) It must inevitably happen that, when frequency of presentation is varied, 
time spent in learning varies also. It is possible that a given number of correct 
anticipations (or any other similar criterion) might be arrived at by different 
Ss after widely different numbers of trials, and hence after differing times; and 
it is thinkable that the variable time factor might, in itself, lead, in spite of a 
constant number of correct anticipations, to variable results. In these experi- 
ments, in which frequency has been varied from 6-26 repetitions and time from 
60-240 sec., it may be that the results are a function of mere time spent in effort 
as well as of other presumably more important factors. One should measure 
also the influence upon retroaction of varying degrees of learning in equal amounts 
of time and of equal degrees of learning in varying amounts of time.H 

‘ (2) It is possible that, under conditions which yield imperfect learning, the 
percentage relation between amount learned and amount to be learned may be 
a factor. This is somewhat taken care of in these experiments by the fact of the 
linear relationship between frequency and number of correct anticipations, when 
the latter are plotted against the former, although its influence, if present, is 
unknown. In an experiment which produced roughly the same mean numbers 
of correct anticipations, but employed, for example, longer lists, a different result 
might be obtained on account of the different proportion between number of 
correct anticipations and total items in the list. This factor of ratio is in some 
sense a Measure of the integration of the total list and may well be significant. 

(3) Measurement, however, in terms of numbers of correct anticipations is 
at best rough in that it masks the distribution of the correct anticipations over 
the list. Thus, 40 correct anticipations of an 8-syllable list in 1: repetitions 
may mean 10 anticipations each of 4 syllables, 5 each of 8, or many other distri- 
butions. Quite possibly, different distributions may have different values for 
retention and for retroaction. 

(4) It is a further possibility that the part of the learning period in which 
an item is first acquired (here, first correctly anticipated) may be a factor. This 
would be a function of the homogeneity of the list, of serial position, and of many 
other factors. 

(5) It has already been noted that time may be a factor which operates in 
experiments upon degree of learning, and that the ratio between number of 
correct anticipations (or amount learned, in whatever terms) and the total 


"To some extent Experiment II does the latter, since varying times spent in 
interpolated learning yield in some cases not very different immediate recalls. 
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number of items to be learned may be an important matter. Still another 
variable should be added, in terms of which the general problem of this paper 
might be attacked, viz. the criterion to which learning is carried, such as number 
of correct anticipations per trial, number correctly recalled immediately, a given 
distribution of correct anticipations over the items of the list, or number of 
completely perfect repetitions. 

That the averaged data have produced resu:ta of a moderately high degree 
of uniformity is a fact—and a surprising one. It may mean that the factors 
mentioned are influential only in stimulating over-cautious reflections in the 
experimenter; or it may mean that these factors are not influential enough to 
dispel a uniformity which might have been much greater in their absence; or it 
may mean that some of them, at least, are highly correlated with frequency and 
hence not separable variables in this experiment. It does not mean, probably, 
that they can be disregarded in interpreting experimental set-ups and resulta. 

From all of the considerations adduced, it should be apparent that the general 
problem of degree of learning, and the particular problem of the influence of this 
variable upon retroaction, have but been scratched experimentaly. Within the 
limits of the conditions of these experiments the results are supposedly valid, 
but these conditions are few among many and themselves require analytic 
attack. Degree of learning is certainly not a unitary condition which one meas- 
ures or does not measure. Rather there are many kinds of ‘degres of learning.’ 
These considerations reach beyond the present problem almost tc the whole field 
of learning and retention. They are, moreover, of the first importance.in work 
on retroactive inhibition, underlying as they do so much of the methodology for 
the study of the influence of other factors upon retroaction.? ; 


SUMMARY 


When nonsense syllable lists are given £ constant frequency of xz 
repetitions, followed by the varying interpolations, rest, and 6, rr, 
16, 21 and 26 repetitions of a second list, and then recalled and 
relearned after an interval of 10 min., the following results appear. - 


(x) The constant frequency of repetition of the original lists is 
accompanied by a virtually constant number of correct anticipations; 
and the increase in the frequency of the interpolated lists from 6 to 
26 is paralleled by a linear increase in the number of correct antici- 
pations. 

(2) When retention is measured in terms of recall, six repetitions 
of an interpolated list produce & degree of retroactive inhibition 
which, though large, is leas than that yielded by numbers of repeti- 
tions from rz to 26. Frequencies of 11, 16, 21, and 26 produce 
virtually equal amounts of inhibition. 

MIn this paper the question whether frequency in and of itself promotes 


learning is left untouch For the present purpose it matters little whether the 
frequencies employed or their co ted factors produce the learning. 


1 
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(3) When retention is measured in terms of relearning, six repe- 
titions of the interpolated list produce less retroaction than do 11, 
16, or 21 repetitions, which are virtually equal in effect, and than 26 
repetitions which yield & degree of inhibition midway between that 
produced by 6 and by 11, 16, and 21. On account of the unrelia- 
bility of the differences, it must be concluded, however, that the 
four higher frequencies are nearly equal in effect. 

(4) Although absolute amounts (percentages) of retroaction are 
higher for recall than for relearning, the percentages for both agree 
in tendency. That is, the four higher frequencies yield virtually 
equal amounts of inhibition which are less than that following 6 
repetitions. Beyond a certain point which lies between 6 and 11 
repetitions, additional increments have no additional inhibitory effect. 

(5) A comparison of the relative amounts of retroaction obtained 
in this and in the former experiment indicate that retroaction is also 
a function of the particular list, original or rae E to which 
the variable degrees of learning are applied. 

(6) The influence of practice at the —Ó conditions. 
under which retroaction is being measured is a function of the method 
of measuring retention and of.the list the frequency of which is varied. 
When the frequency of the interpolated list is varied, inhibition in 
terms of recall shows no effect, while that in terms of relearning 
decreases strikingly from cycle to cycle. When the frequency of the 
original list is varied, recall shows & practice effect while relearning 
does not. 


When 1o-syllable lists, by the method of complete presentation, 
are studied for 120 sec., followed by varying interpolations, rest, 
and 60, 90, 120, 150, and 180 sec. of study of an interpolated list, 
the following results appear. 

(7) Retroactive inhibition increases gradually and consistently 
from the 60 sec. to the 150 sec. condition and falls to 180 sec. A 
check experiment indicates that inhibition is less after 240 sec. of 
interpolated study than after 150 sec. of such study. The fact that 
the numbers of interpolated syllables immediately recalled are less 
after 180 and 240 sec. than after rs0 sec. makes this decrease in inhi- 
bition hard to interpret. It can be said, however, that there is a 
suggestion of a decrease in retroaction beyond 15o sec. of inter- 
polated study, but the amount of.this decrease must be very small. 
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(8) It is significant that, throughout, retroaction is more than 
so% in amount and that neither by relatively small (60 sec.) nor- by 
relatively large (240 sec.) amounts of interpolated study can anything 
like complete freedom from retroactive inhibition be obtained under 
these experimental conditions. 

The influence of degree of learning on retroactive inhibition is, 
thus, a function of the general method of learning, whether antici- 
pation or complete presentation, and perhaps of other smaller dif- 
ferences between the two experiments reported. The experiments 
agree fully, however, in showing that neither very small nor very 
large degrees of interpolated learning, as measured, free original 
lists, as learned, from the disintegrating influence of interpolated 
acquisitions. They agree, also, in finding that a relatively low degree 
of interpolated learning (e.g. 6 repetitions and 60 and go sec.) produces 
& somewhat smaller retroaction than do relatively higher degrees of 
learning which are close together in the magnitude of their effects. 

A discussion of the possible factors involved in the conception of 
‘degree of learning’ indicates that it is not a unitary condition, but 
that there are several kinds of ‘degree of learning,’ all of which must 
be taken into account in experiments on retroaction and on retention 
in general. 


PRESSURE ADAPTATION-TIME: A FUNCTION OF 
INTENSITY AND EXTENSITY 


By Micnazn J. Zrarzg, Wellesley College 


The topic of cutaneous adaptation is treated in the most general 
way in handbooks of sense-physiology and psychology. Thunberg 
described Locke’s classical experiment on thermal adaptation but 
presented no specific experimental data on adaptation to pain and 
pressure. Titchener merely pointed out certain kinds of stimuli 
which may be used to demonstrate the fact of cutaneous adaptation? 
In his survey of the experimental situation in the field of touch in 
1929, Nafe treated this topic in a very general way without present- 
ing experimental results. Troland has disposed of tactual adapta- 
tion in one brief paragraph,‘ the generalizations of which are drawn 
from the survey of Thunberg in 1905, just cited. The fact of the 
matter is that extremely little experimental work has been done on 
cutaneous adaptation. There are a few recent studies, such as that 
of Straus and Uhlmann,’ who first demonstrated experimentally 
the fact of algesic adaptation; that of Adrian,’ in which he reported 
that the adaptation-time to painful stimulation is longer than that to 
non-painful stimulation; and those of Hahn,” which deal with the 
nature of thermal adaptation. 

It is obvious that adaptation can be understood as the establish- 
ment of an equilibrium by the receptor, and that we have thus to 


*Accepted for publication A T This ent parama with 
the ae of lotte Bear en Elde = Jane Ricks, and Carolyn Wells. 
1T. Thunberg, in Nagel’s geh der Phaetslogeedes J Menschen, III, 1905, 


647-733. 
B. Titchener, Experimental Psychology, Instructor’s Qualitative Manual, 


1901, 8r. 
3J. P. be The sense of feeling, Foundations of Experimental Psychology, 


ALS ps oland, P hystology, II, 7. 
suche ystology, II, 1930, 31 
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5H. H. E and R. F daptation to superficial pain, this JOURNAL, 
30, 1919, 422- 
É. BA Roan The impulses produced by sensory nerve endings, J. Phystol., 
61, It ip 
Neue Anschauungen vom Temperatursinn, Dtsch. Med. Woch., 
z Sm 1927, 528-530} Uber den sy bie payah ang der Temperaturnerven, Arch. 


ne ees , 65, 1928, 41-54; Die epee a E Rm onstanten und Vari- 
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consider both adaptation during the continued stimulation iid: e 


reéstablishment of equilibrium after the stimulation ceases. These’ 
two phases of adaptation may be designated respectively, stimulatory E 
and post-stimulatory adaptation. 

In the experiments to be described here, an attempt was € 
to determine (1) whether the adaptation-time to continued cutaneous 
stimulation varies with the intensity and extensity of stimulation, 
and (2) whether the adaptation-times for continued stimulation and 
for the reéstablishment of normal equilibrium afterward are es- 
sentially of the same magnitude or different. Experiment I deals 
with the first problem, and Experiment II has to do with the second. 


EXPERIMENT I 

After preliminary trials with cork stimuli, we construcied an intensity-set 
of five stimuli, and an extensity-set of the same number of stimuli. All ware 
made of composition metal. All members of the intensity-set had the same 
diameter, I cm., and weighed respectively 59, 100, 500, 1000 and 2000 mgrum. 
All members of the extensity set weighed the same, 500 mgrm., and measured 
respectively 5, 10, 15, 20 and 25 mm. in diam. These cylindrical weights ware 
applied to the skin manually by short threads which were fastened at the edges 
of the weight and drawn together above so as to insure uniform manual appli- 
cation. In order to eliminate thermal stimulation, in the case of the intensity- 
set, a small disk of paper was placed on the skin long enough for complete adap- 
tation to take place before the weight was placed upon it. In the work on extent, 
the E held the set of weights on one hand so as to keep them warm. A hap- 
hasard order of presentation was followed in both cases. 

The trials with the intensity-stimuli were made in four regions: (1) the back 
of the hand between the second and third metacarpals, (2) about 3 in. above the 
carpal folds, on the volar surface of the forearm, (3) the middle of the forehead, 
and (4) the cheek. The trials with the extensity-set of stimuli were presented 
in two regions: (1) the center of the forehead and (2) the cheek. For the trials 
on the hand and forearm, O sat at a low table, but for the work on the forehead 
and cheek he took a supine position. At no time was O permitted to see the 
weights. 

At the moment when a stimulus was applied to the skin, a stop-watch was 


‘started so as to measure the interval of time between the application and the 


ime when O indicated verbally that the stimulus was no longer felt. 

, Fhe Os analyzed the period of adaptation into three phases. First, there is 
al brief period of application, which consists of light impact over a field of 
pressure of quite clearly defined outline. This is followed by a period in which 
the outline grows vague and dim and the field of pressure undergoes diminution 


— in size until only a small point of pressure remains. During this second phase 


O reports regularly that it appears as if the stimulus were gradually being lifted 
from the skin. The third phase begins when O experiences uncertainty as to 
whether stimulation is still perceptible. The Os generally indicated that adapta- 
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. "tion dods.not terminate suddenly, but gradually within an interval of time in 
which uncertainty regarding continuation of stimulation prevails. With training 
O establishes a subjective standard by which he is willing to report when stimu- 


^ lation: -GeaseB. ` 


T&ble I contains the average adaptation-times (A.T.) in seconds with mean 
variations (M.V.) for eight Os in the four regions of stimulation by the intensity- 
series of stimuli. Table II includes the same data for stimulationsin tworegions 
with the extensity series of stimuli. The averages in the table for intensity are 
based on 24 trials in the case of all Os, except Z, who furnished 30. Those in 
the other table are in every case computed from 12 sets of trials. 


Inspection of Table I reveals the fact that adaptation-times to 
stimulation -by heavier weights tend to be longer than those to 
stimulation by lighter weights. It may also be observed that the 
duration varies with the relative intensity of stimulation. Although 
inversions appear in certain series of averages, they tend to be 
insignificant. The tendency for adaptation-time to vary with in- 
tensity. of stimulation is manifested more or less clearly in the aver- 
ages of every O. The inversions which appear in the series of certain 
Os are leveled out completely when the averages of all Os are combined, 

Table II indicates a tendency in the opposite direction, namely, 
for adaptation-time to vary inversely with the area of stimulation. 
‘There are several inversions here again, but the tendency may never- 
theless be seen, and in the combined averages it is clearly evident. 
The averages in this table do not show quite the width of distribu- 
tion generally manifested in Table I. It may be that our steps were 
too small, for the Os reported that differences in size are less clearly 
observable than those of intensity. This probably also explains the 
fact that relatively a larger number of inversions appear in Table II 
than in Table I. 

It may be pointed out that such EET in extensity can is re- 
solved in reality to a special case of variation in intensity. With ' 
the weight of largest diameter, for example, soo mgrm. are dis- 
tributed over relatively a larger field than with any of the other 
weights, where the same amount of weight is supported by a smadler 
portion of the skin. 

There is little justification for asserting an exact functional re- 
lation between adaptation-time and intensity or extent. Theré‘is a 
possibility that a linear relation is masked by a large variability. 
This variability probably signifies that the judgments were subject to 
a number of such variable errors, as temporary bodily condition, 
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fatigue, shift in attitude, spontaneous intrusion of other cutaneous 
experiences, alteration of the subjective standard as to when adapta- 
tion is complete. 

With regard to the comparative adaptation-times in the different 
regions of the skin, the results are not conclusive. Four Os, D, E, 
W and Z gave adaptation-times of approximately the same magnitude 
in all regions of stimulation, but the other Os reported definitely 
longer adaptation-times in the face regions. If all cutaneous receptors 
have about the same duration of adaptation, and certain SB report 
differences in adaptation times, this may mean that in some Os the 
receptors are overlaid by thicker and tougher integument in certain 
parts; but if it is eventually to be discovered that the receptors in 
certain.regions have longer adaptation-times, we are then merely in 
position to conclude that the difference is considerable in some 
cases, and that in other cases the difference is so small as to be ob- 
secured by the variable errors which play a rôle in the experimental 
situation. 

There are marked differences in the adisione of different 
Os. In the same region of the skin, one O requires from 8 to 15 times 
longer for complete adaptation than another. Some Os furnish short . 
adaptation-times in all regions, others comparatively long in all 
regions, and still others comparatively m on the limb &nd com- 
paratively long on the face. 


Upon learning that both of us had started — M in cutaneous adapta- 
tion, Professor John P. Nafe of Clark University and the writer arranged to 
meet several times to observe in a preliminary way for one another. Although- 
his work had to do with partial adaptation, while ours was concerned with com- 
plete adaptation, he found it convenient to set two of his undergraduate students, 
Thomas Carleton and Francis Singleton, upon the problem of the relationship 
of intensity and complete adaptation-time. Professor Nafe has kindly turned 
over their results to me. 

Five weights were prepared, consisting of regulation shotgun shells loaded 
with small lead. - They weighed respectively 8, 28, 48, 68 and 88 grm. Carleton 
and Singleton observed for one another, presenting the weights in haphazard 
order, and measured the periods of complete adaptation with & stopwatch. 
Over O's arm, which was bared and placed with volar side up in a comfortable 
position on a table, projected the arm of an upright stand. In the end of this 
arm was a circular opening of a diameter slightly larger than that of one of the 
shells. The stimulus was dropped gently through this opening upon a small 
cardboard disk, which had been placed upon the skin previous to the trial in . 
order to rule out thermal stimulation and to insure the more uniform distribution 
of stimulation. Care was taken to make certain. that adaptation to Mie card- 
board disk had been complete before a weight was applied. 


PRESSURE ADAPTATION-TIME 715 


. After preliminary trials, each of the 5 weights was presented 25 times (1) on 
the volar surface of the arm and (2) on the back of the hand. Only 5 applications 
of each stimulus were made at each sitting. The position of application was shifted 
slightly to avoid local fatigue. 

The results are presented in Table IIT. They show in a convincing manner 
that adaptation-time varies directly with intensity of stimulation. One O con- 
sistently had shorter adaptation-times than the other. The steps in adaptation- 




















: ^" TABLE II 
ADAPTATION-TIMRE (Bee) FOR PRESSURE WHEN THE INTENSITY OF THE STIMULUS 
Is VARIED 
Carleton &nd Singleton's results 
STIMULUS (grm.) 

0 8 28 48 68 — 88 
C 3.22 6.97 10.25 12.03 18.86 
S ' 12.14 13.63 18.62 25.00 26.22 
E Áv. 7.68 10.30 14.43 18.51 22.54 
E C 4.26 9.24 16.46 22.21 25.87 
ti S o 5.94 . 11.26 16.84 28.50 30.71 
; Av: 5.10 | 10.25 16.65 25.35 28.29 

Combined Í 

Average 6.39 10.27: 15.54 21.98 25.41 


times for each O, corresponding to the step increments in intensity, are not quite 
uniform; nevertheless, there is a rough approximation to equal steps of increase. 
The combined average of the two regions shows a good approximation to equal 
steps. This result would seem to suggest the possibility that the same increment 
of intensity (perhaps at any point on the intensity continuum, other things 
being kept the same), will require the same amount of additional time for com- 
plete adaptation, far there is apparently a linear relationship between intensity 
and adaptation-time. 


ExrrniwENT IT l 

In this experiment we proposed to compare the adaptation-time 
to continued stimulation with the adaptation-time which follows the 
removal of a stimulus. If adaptation consists in the establishment of 
a condition of balance or equilibrium by the receptor, it may be that 
the phase of adaptation which takes place during the continued 
application of a stimulus is the complement of that which follows the 
removal of that stimulus. | 


To test out this hypothesis, we performed experiments in four regions of the 
akin, using our 5 intensity-weighta (vide supra) as stimuli.. Under the same exper- 
imental conditions which prevailed in the earlier experiments, we required our 
Os now to report (1) the moment, following the application of a weight, when 


- 


716 "m ZIGLER 


stimulation first ceased to be perceptibly effective. (whereupon the weight was 
promptly removed by Æ), and (2) the moment at which post-stimulatory adapta- 
tion was complete, that is to say, when the after-effects attendant upon the 
removal of the stimulus had disappeared. Time permitted us to present each 
of the 5 stimuli only 8 times in the.case of two Os, E and Z, only. 4 times in the 
ease of Wi, and only twice in the case of G. For the last named O we did not 
calculate the mean variations. ` 


The averages for both types of adaptation-time, (S. A.) stimula- 
tory and (P.A.) post-stimulatory, are presented in Table IV. The 


‘measurements are in seconds. 


- The averages of 3 of the 4 Os indicate that the adaptation-time 
following the removal of a stimulus from the skin is roughly of the 


same magritude as that for adaptation to the continued application 


of that stimulus. This probably means that stimulatory and post- 
stimulator” adaptation represent enue reciprocal changes in 
the receptcr. 


G reported mueh longer post-stimulatory adaptation-times. She may repre- 
sent a specia. case in which the two kinds of adaptation require different amounts 
of time. However, it is possible that her results might have been more like 
those of the other Os, if time had permitted more trials to be made. In fact, 
there is evidsnce to support the inference that this O, to a degree less manifest 


: in the case of the other Os, failed to maintain in this experiment the same attitude 


that she had in the previous one. At least, if the results for stimulatory adapta- 
tion-time which are given in Tables I and IV be compared O by O, a greater 
lack of agreement appears in the results of G than in those of any other O. In 
view of the jact that G is an assistant in the laboratory, the possibility exists 
that her knowledge that after-sensations follow the removal of a cutaneous stim- 
ulus may have predisposed her to report more delayed adaptation-times in this 
case. It may be noted, furthermore, that in her case the adaptation-times for 
the different intensities are lees scattered, that is to say, they fail to show 88 
definite variation with intensity a3 do the results of the other Os. 


The duration of after-sensations (or after-images) of touch have 
been measured by Spindler, Hayes,” and Dimmick,? and each of 
these investigators presents results which exceed considerably our 
figures for post-stimulatory adaptation-time. Yet, it is clear that 
the experiences of pressure during post-stimulatory adaptation are 
genuine after-sensations. But in dealing with the same sensory 
datum, on the one hand in experiments on after-sensations, and on 
the other in experiments on adaptation, the situation of the observer 

8 

MS NO ee ae: ‘cutaneous ‘aftet-sonsations,” Paychol M 5 Mono 


I4, a, ves 60), 1-89. 
L. Dimmick, On cutaneous after-images, this JOURNAL, 27, 1916, 566-569. 
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may be diferent. In the case of adaptation experiments, there is 
probably legs likelihood that subjective touches will dove-tail into the 
waning sensory experience, and the suggestion that the after-sensa- 
tion should continue for some time may be stronger than ee adapta- 
tion should-consume considerable time. 

A closer inspection of Table IV reveals the fact that the average 
post-stimul&tory adaptation-times of E and W are in most cases 
slightly greater than their average times for stimulatory adaptation. 
In the ease of Z, 9 of the ^o post-stimulatory averages are slightly 
shorter, and in 2 other cases the measurements are just the same. In 
view of the fact that, in general, these differences are comparatively 
insignificant, it seems justifiable to infer that whatever discrepancies 
the table reveals in this respect are to be attributed to the accidental 
influences which play a róle in such an experimental situation. 


THEORETICAL CONSIDERATIONS 


The imp_ications of these experimental results should lis adapted 
to the prevalent views in regard to cutaneous theory. Since the 
all-or-none law. has gained widespread acceptance, the qualitative 
type of theory, which implies the hypothesis of the specific energy of 
nerves has been largely superseded by quantitative theories. Nafe 
-has recently advanced such a theory of “feeling."" In demonstrating 
that adaptation-time is directly proportional to the intensity or 
amount of stimulation, and in indicating that in all probability a 
linear relationship prevails between these two functions, we have 
shown that adaptation represents a quantitative continuum, and 
thus have contributed to the support of that theory." 

As to what happens in the cutaneous receptor when adaptation to 
pressure is ir. progress, we are probably not yet in possession of all of 
the facts necessary to arrive at a positive conclusion; however, 
certain available facts indicate. the general nature of the function 


^. of adaptation. 


It has been suggested that adaptation represents the establish- 
ment of a state of equilibrium by the receptor. Stimulation is said to 
disturb the equilibrium of the receptor, and, if the same amount of 


uj. P. Naf, A quantitative theory of feeling, J. Gen. Psychol., 2, 1929, 
199-211; The sense of feeling, Foundations of -Experimental P sychology, 1929, 
392-413. 

traus anc Uhlman, op . cit., reported that s sata of the receptors 
of the skin varies with intensity 3 in the stimulation o pain, a result that resembles 
the present fincing for pressure. 
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stimulation be continued long enough, equilibrium is reéstablished by 
the receptor so that the stimulation becomes ineffective. What, most 
probably, is the nature of these changes in the equilibrium of the 
Teceptor during the time that stimulation and ns are in 
progress? . 

Owing to the fact that adaptation-time to more itede stimula- 
tion is longer than that to less intense stimulation, adaptation ob- 
viously cannot consist in a fatigue-producing process in the receptor. 

The writer believes that the essential nature of adaptation and 
the related functions of the receptor may be explained by the bipolar 
theory recently elaborated by Crile.4 According to this view, the 
receptor represents a bipolar electro-chemical unit. In the resting 
condition, it maintains a state of normal electrical potential Under 
stimulation this normal condition is broken down, the degree de- 
pending upon the intensity of stimulation. The bipolar unit (or 
receptor) acts in essential respects like & self-charging condenser. 
It transforms energy and discharges it in impulses over the nerve. 
These impulses vary in frequency, depending upon the intensity of 
stimulation. But if the same stimulus continues to be applied, a 
recharging process is initiated by the receptor so that in time the 
normal electrical potential (or equilibrium) is reéstablished. The 
length of the recharging period is also a function of the intensity of 
stimulation. A greater amount of stimulation breaks down the 
electrical charge to a greater degree than one of less intensity, ac- _ 
cordingly, a longer period of time is necessary for the normal electrical 
‘potential-to be reéstablished in the electro-chemical unit. 

The careful removal of a stimulus, to the continued application of 
which the receptor has already established complete adaptation, sets 
up stimulating conditions of essentially the same degree as the 
stimulation which was occasioned by that stimulus when it was 
first applied to the skin. The adaptation-time is, accordingly, 
approximately the same in both cases. 

In the stimulation of an aggregation of receptors, as in our experi- 
ments, the same principle of operation probably holds as that which 
operates when an individual receptor is activated. Although the 
central nervous system coóperates with the activated receptors in the 
transaction of these functions, we are not yet in possession of a body 
of facts sufficient to enable us to infer how and to what degree it 
plays a róle in adaptation: 


BG, W. Crile, A Bipolar Theory of Living Processes, 1926, 405. 
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. SUMMARY — 

Experimental results are presented, in the first part of this paper, 
which show that adaptation-time to cutaneous stimulation is directly 
proportional to the intensity of stimulation, and inversely propor- 
tional to the extent of the field of stimulation. It is indicated that 
the relationship existing here is probably linear. 

In the second part of the paper, experimental results are pro- 
duced; which indicate that the adaptation-time to the continued 
application of a stimulus to the skin is approximately of the same 
magnitude as that which follows the removal of that stimulus, after 
complete stimulatory adaptation had been established. i 

These results are -interpreted as signifying that the cutaneous 
receptor for pressure may act in its essential operations like a bipolar 
electro-chemical unit. It maintains, in the rested condition, a certain 
electrical potential, which is broken down under conditions of stimu- 
lation, the degree varying directly with the intensity of stimulation. 
As long as the electrical potential of the receptor remains below 
normal level under stimulation, the receptor discharges impulses over 
the nerve. Nevertheless, the bipolar unit (or receptor) is capable of 
reacting in such a way, even while uniform conditions of stimulation 
are sustained, that its normal-electrical charge is restored. This 
function corresponds to adaptation, for when there is complete 
restoration of the -electrical potential in the unit (or receptor), it 
ceases to discharge impulses; in other words, the continued as 
tion becomes ineffective. 


? 


EFFECT OF COMPLEXITY OF MATERIAL UPON THE 
FORM. OF LEARNING CURVES 


By J. B. Sraoup, Kansas State Teachers College of Emporia 


In a recent study the writer obtained s-shaped learning curves for 
poetry. In seeking an explanation of this phenomenon two condi- 
tions ineident to memorizing poetry seemed sufficiently suggestive 
to merit further study. These are ‘serial order’ and ‘size of unit of 
response.’ Practically all the Ss tended to learn the lines in serial 
order. Inasmuch as they read the entire selection aloud each trial 
they were naturally required to give some attention to the whole 
poem, with each reading, while probably making a special effort to 
remember certain lines. Thus it seemed logical to assume that, while 
S was fixating the initial lines, he would acquiré increasing familiarity 
with the subsequent lines, and would, therefore, be able to learn 
them with increasing speed, within limits, when he came to make a 
more direct effort to learn them. Such factors would tend to ac- 
count for the initial positive acceleration of s curves. ` 

In the study reported above, the unit of response was a line of 
poetry. If, for example, on a given trial S repeated 5 lines correctly 
he would be credited with 5 correct responses. It seemed that under 
this-plan the S might be able to reproduce relatively few whole lines 
during the initial trials, although he might be able to recall several 
part lines without credit. This factor would also help to account for 
initial positive acceleration. The results of the present study indicate 
that this formulation was too restricted. The experiments reported 
here were undertaken in order to determine whether the two factors 
named above are responsible for the s-shape of the curves? 


: EXPERIMENT I 
Apparatus and procedure. The learning material used in this experiment was 
monosyllabic nouns. The more obvious meaningful combinations were avoided. 
Two lists of such words were prepared. Both lists were learned by the method of 


*Accepted for publication says 23. I93I. . 

1J. B. Stroud, curves for poetry, this JOURNAL, 43, 1931, 684-686. 

*The writer wishes to thank Professor H. A. Carr of the a Unveil of Chicago 
for his helpful criticisms. 
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deai recall, but under two different conditions. Under Condition A the Ss were 
instructed to learn the words in any order they wished, and under Condition B 
they were instructed to make an effort to learn the words in serial order. This 
variation was designed to test the influence of serial order upon the form of the 
learning curve. 

The size of the unit of response was also varisd by using 4 different seta of words 
of varying degrees of complexity. Set a consisted of 12 words taken one at a 
time; Set b, 24 words taken two at a time; Set c, 36 words taken three at a time; 
and Set d, 48 words taken four atatime. Thus the as of units was constant 
in every set but the size of the units varied. ` 

Four groups of Ss were used. Group- learned a list of vadi of Set á eee 
to Condition A and another list acccrding to Condition B. Group II learned one 
list of words of Set, b according to Condition A and another list according to Con- 
dition B. Similar procedures were followed in the case of Groupe III and IV with 
- Seta c and d. A counterbalanced order was ussd both as to lists and conditions.. 
Since a different group of Ss was used for every one of the four sets of words, prac- 
tice did not affect the results. 

Readings and recalls were alternated. One rsading and.one recall eonsiituted a 
trial. In both learning conditions (A or B), tke Ss were credited with a correct 
response for each unit correctly recalled. A unit was considered correct when all 
the words in it, in case there was more than one word, were recited in the order in 
which they occurred. A list was considered learned, under Condition A, when all 
the units were recalled, regardleas of the order of the units, and under Condition B 
when all the units were recalled in serial order.* 

The unita recalled were plotted against tria's, in order to udis the learning 
curves. The responses were recorded in such a way that it was possible also to plot 
curves in terms of words against trials as well as units of words against trials. 


Where several records are averaged so as to maké a composite learning curve, 
it is imperative when the shape of the curve is undér consideration, that all the 
individual curves be reduced to a common length before averaging them. All the 
individual curves obtained in these experimenta were reduced to 10 equal parta. 
The actual number of trials varied from 4-25. This particular division seemed 
sufficient to preserve most of the individual charecteristica of the curves and at tho. 
same time afforded a convénient working basis. The curves were i cases 
graphically by the method illustrated in Fig. 1.4 


As illustrated in Fig. 1, a curve was plotted in the usual way for each individual 
record, the points being connected by straight lines. Hach baseline was divided — 
into ro equal parts comprising what may be termed an abstract baseline as ‘a,’ 
. Fig. 1. Ordinates were erected from each division point on the new baseline to 
the intersection with the curve. It was possibls to determine the height of the 
curve at each intersection point by reading the corresponding values on the ordi- 
nate as illustrated by x and y. The height of the curve at the intersection of x and 


*The words in the ive units had, of course, to bein order. In practically 
all cases, however, the Sa learned the units in serial order. After the first few 
readings most of them adopted the condition p Berial order, as if to take advantage 
of place associations 

. L. Kjerstad, The form of the learning curves for memory, Psychol. Monog., 
26, 1919, (no. 116), 25-27, appears to have used & somewhat similar method. ' 
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Units 
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y is 2.6. When the curves are plotted on large surfaces they may be equated by 
this method accurately and conveniently. This procedure usually has the effect of 
smoothing the curves slightly, but this does not appear to be a limitation ue the 
form of the curve is being studied. ` 
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Fig. 1. METHOD or Equatine Curves AB TO LENGTH 


The material was presented visually by means of a memory apparatus, and the 
Ss read the words aloud. The following time-intervals were used for the different 
sets of materials: Set a, one word, 3.0 sec.; Set b, two words, 3.5 sec.; Bet c, three 


. words, 4.0 sec.; and Set d, four words, 4.5 sec. 


The writer served as E in all experiments but one which will be mentioned later. 
The Ss were college students of undergraduate standing and prestically all naive 
in psychological experimentation. 


Resulis.. Table I and Figs. 2 and 3 ais the results of Experi- 


ment I. Table I contains the data from which Figs. 2 and 3 were 
constructed. It gives the average-number of ‘correct responses for 


14 


Io 


every decile, for every set of learning materials, under both experi- : 


mental conditions. Fig. a'gives the results for Condition A, and Fig. 
3.for Condition B. The curves marked a, b, c, and d represent 
respectively the four sets of learning material. 
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TABLE I 


AVERAGE NUMBER or Unirs RECALLED PER TRIAL 
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These data show that both of the factors studied, viz. serial order 
and size or complexity of unit of response, are capable of contributing 
to the formation of s-shaped curves. While it is evident that serial 
order alone will not give s-shaped curves, inspection of the data re- 
veals, that it is, however, an important factor. Curve a, Fig. 2 has 
‘less negative acceleration than Curve a, Fig. 3. Curve b, Fig 3 is 
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Fig. 3. Lnanntna Cun vxs ron MONOSYLLABIC Nouns LuanNzD IN ARIAL ORDER 


decidedly s-shaped, while b, Fig. 2, representing material of the same 
complexity, is for the most part negatively accelerated, with possibly 
a slight initial positive acceleration. 

Of the two factors studied, size of the unit of response seems to be 
the more important. Where the material is learned in serial order an 
initial positive acceleration is obtained when the size of the unit of ` 
response is increased to two words. This feature becomes more pro- 
nounced with further increase in the size of the units. Where the 
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material is learned in any order initial positive acceleration is obtained 
when the unit of response is increased to three and four words. 

Summary. The results of this experiment may be summed up as 
follows. Negatively accelerated curves were obtained when the unit 
of response was a single word. With an increase in the size of the 
unit of response the curves assumed an initial positive acceleration 
with a subsequent negative acceleration. The inflection points on 
these ‘s-shaped curves rise, with further increase in the size of the 
unit of response, until they vanish, as in the case of Curve d and leave 
positively accelerated curves. The appearance of the s-shaped curves 
is hastened by the factor of serial order. 

The effect of complexity of material upon the form of the learning 
curve seemed sufficiently important to merit further study. Inas- 
. much as the methods used above permitted of no experimental con- 
trol over the responses, save that contained in the instructions, it 
seemed desirable to adopt some other method. Hence the method 
was changed to that of anticipation, and a second experiment under- 
taken. _ ' 

EXPERIMENT II 

Apparatus and procedure. The material used in this experiment was similar to 
that used in the preceding experiment. The number of words and their arrange- 
ment into sets were also similar. Thus four sets of learning materials were use: 
consisting of 12, 24, 36, and 48 words taken 1,.2, 3, and 4 at a time, respectively. 
The method and rate of presentation were the same as that used in Experiment I. 
The time intervals allowed for the responses were 4, 5, 6, and 7 Bec., respectively, 
for the shortest to the largest units used. Presentation and recall were alternated. 
The method was carefully explained and demonstrated to every S before the 

experiment began.5 The Ss were undergraduate students of psychology. Several 
had served in Experiment I, but the majority of them were nalve in so far as they 
had never served in psychological experiments. 
- The 12 and 24 word sets (Beta a and b) were usually learned by S at a single 

sitting, counterbalanced order being used for the different Ss. The words of the 
other two sets (Sets c and d) were learned at one sitting, but by different Ss. As 
before when the units of response consisted of two or more words, the Ss were 
required to learn the words of such units in the order in which they were presented. 


Results. Table II and Fig. 4 give the results for Experiment II. - 
Fig. 4 shows the curves obtained by the method of anticipation for 
the four sets of learning material. i 


The curves obtained by the method of anticipation HUE in general 
agreement with those obtained by the method of direct recall. The 


"The writer wishes to thank Miss Jean Clark for assistance in performing the 
experimenta of this group. 
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TABLE II 


AVERAGE NUMBER or Unirs ANTICIPATED PER TRIAL 
Deciles | No. 
Bet 1 2 3 4 5.6 75 8 9 10 Ss 
a I.I 2.7 4.5 5.6 7.6 8.8 9.4 10.1 10.9 12 17 
b .4 1.9 3.3 5.3 6.6 7.6 8.7 9.6 10.7 I2 16 
C  .03 0.6 1.9 3.1 4.7 5.6 7.9 9.0 10.5 I2 I5 
d..1 0.8 L4 2.8 4.5 5.6 6.9 8.7 9.9 I2 12 
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only notable exception is that of curve a Fig. 4, which is s-shaped, 
the point of inflection being between deciles two and three. Material 
of the same degree of complexity learned by the method of direct re- 
call gave negatively accelerated curves. This is not a novel result, 
Kjerstad obtained similar curves for paired nonsense syllables and 
for paired monosyllabic nouns.’ Such curves appear to be unstable 


‘Op. cii., 82. 
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and subject to wide variation due to individual differences. Altus, 
eited below, using single lists of monosyllabic nouns varying in 
length from 6-30, attained composite curves of negative acceleration 
throughout. 

The results of this experiment dor that the form of the learning 
curve is significantly affected by the complexity of the unit of re- 
sponse. The inflection points rise to the vanishing point with in- 
creasing complexity of material. 


SUPPLEMENTARY Ereman É 


(1 y Effect of exposure interval. It seemed possible that the length of exposure 
period might affect the form of learning curves for complex material, although 
Kjerstad found that varying the interval from 1.5-3 seo. did not influence such 
curves for single columns of non-sense syllables and monosyllabic nouns.’ An 
experiment was undertaken with the view to throwing light upon this question. 
Twenty-seven Ss learned three different lists af 24 words taken 3 at a time under 
three different conditions of exposure; namely, 3, 5, and 7 sec., respectively. 
Practice effect was controlled by counterbalanced order. 


TABLE III 
Erructr or EXPOSURE INTERVAL UPON Rats oy LEARNING 
.  Deciles | . 
Interval 1 2 3 5 5 6 7 8 9. IO 
3860. 1.31 2.96 5.55 8.20 II.20 14.30 I7.1I 19.72 21.50 24.0 
5890. . 1.43 3.50 6.12 9.20 '12.81 15.13 17:70 19.70 21.52 24.0 
78e0. 1.46 3.25 5.97 9.19 12.49 14.62 17.80 20.18 21.96 24.0 





The resulta are given in Table III. It is readily seen that the form of the 
curves, platted from these data, would not be materially affected by these changes 
in time of exposure. This variation in interval, however, did affect the number of 
trials required to learn the lists. The average number of trials required to learn 
the three lists with the 3, 5, and 7 seo. intervals was 12.92, 12.08, and 10.79, 
respectively. It is interesting-to note that the poorer learners benefited con- 
siderably by the longer exposure intervals while the better learners were practi- 

‘cally unaffected by the changes in the length of interval. The average number of 
trials required by the poorest 14 Ss to learn the lists under the three conditions . 
was 16.58, 15.17, and 12.4, while tha corresponding scores of the best 13 Ss was 
9.27, 9.00 and 9.18 trials. > 

(£) Effect of practice. Itis possible to make some observation of the effect of 
practice on the form of learning curves from the foregoing data by comparing the 
rate of learning of the Ss on the three different days. The Ss benefited noticeably 
from the practice as shown by the reduction in the number of trials required to 
learn the material. The average number of trials required on the Ist, ae and 


"Op. cit., 69-71. 
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3rd days was 14.4, 11.95, and 9.4, respectively. The effect of. interval of exposure 
was controlled by a counterbalanced order. Table IV shows the average number 
of words recalled at each roth of the learning period on the three different days. 
Inspection of this table reveals that the rate of progress was not affected by the 
amount of practice achieved in this experiment. 


TABLE IV 
Errncr or PRACTICE Upon RATE OF LEARNING 
Deciles 
Day I 2 . 3 4 5 6 7 ~ 8 9 I0 


I.43 3.17 5.53 7.91 12.04 I4.IO 16.36 19.40 21.94 24.0 
2.68 5.40 8.50 11.26 13.88 17.60 19.70 21.10 24.0 
I.70 3.87 .6.70: 10.03 13.20 16.02 18.50 20.30 21.92 24.0 
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Fia. 5. CurvEs FOR 24 WORDS ARRANGED IN THERE Dcus OF COMETSUECEY 


($) Complexity vs. length of material. The question may arise as to whether 
the form of curves attained from the complex sets are due to complexity per se or 
merely due to the number of words used in these sets. The curves of Fig. 5 will 
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help to answer this question. Curve a is a composite of single curves of 20 Sa 
learning 24 monosyllabic nouns taken one at a time.* The method of anticipation 
was used. Curve bis taken from Fig. 4, Curve b, above and represents the rate of 
learning 24 words taken 2 at a time. Curve c is taken from the data in Table IV 
above. It isa composite of 3 curves each for 24 Ss. It thus representa the rate of 
learning 24 words taken 3 at a time. Here we have the same number of words 
learned by the same method, but varying in complexity. 

These curves indicate that the changes in the form of the learning curves noted 
above are mainly due to the factor of complexity rather than to the vyg num- 
ber of words UN 


DISCUSSION 


The results of the experiments indicate rather clearly n the 
form of learning curves is materially affected by the size, or com- 
plexity of the unit of response and to a lesser degree by the experi- 
mental method employed. On the baais of the experimental evidence 
it appears that the s-shaped curve may be regarded as an intermediate 
` curve between negatively and positively accelerated curves, the type 
of curve obtained depending upon the complexity of the unit of 
response. 

The results seem to warrant the following general statements. 
(1) As the complexity of material of a given length is increased the 
learning curves will change from negative toward positive accelera- 
tion; the intermediate curves will be s-shaped. (2) As the complexity 
of material is increased the inflection points on the intermediate 
s-shaped curves will rise, approaching the vanishing point. (3) The 
-greater the complexity of a given bit of learning material the higher 
will be the threshold of ‘recallability’ of the respective units and the 
greater will be the number of readings required-to reproduce them. 
(4) When material of a given length is read as a whole with somewhat 
equal distribution of attention to all of the units, the relative rapidity 
with which the successive units are recalled by a given subject will 
be proportional to the number of readings required. ! 

The first and second generalizations may: be regarded as descrip- ^ 
tive, while the third and fourth may be regarded as explanatory. —__ 

The distribution of attention is congidered an important matter in 
experiments of this kind. If no experimental control is exercised in 
this respect Ss may differ sufficiently in direction of attention to alter 
the form of the eurves. Somewhat equal distribution of attention is 
regarded as most favorable for s-shaped curves and those of positive 
acceleration. If an S adopts a method grasping a definite number of 


*The writer is indebted to Mr. W. D. Altus for these data. 
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units per trial the learning curve will tend toward a straight line, 
provided the rate can be maintained. Some approach toward equal 
distribution of attention may be achieved by having the Ss read the 
material aloud. This may be supplemented with instruction. 


CONCLUBIONS 


(1) Types of learning curves obtained for ideational material 
depend upon complexity of the material. (a) By the method of 
direct recall negatively accelerated curves were obtained for the 
i-word units; s-shaped curves were obtained for the 2- and 3-word 
units; positively accelerated curves were obtained for the 4-word 
units. (b) By the method of anticipation shaped curves were ob- 
tained for the 1-, 2-, and 3-word units, and a. positively accelerated 
curve was obtained for the 4-word units. 

(2) The inflection points on the s-shaped curves rise with in- 
crease in size of the units of response. 


A QUANTITATIVE STUDY OF THE RELATION BETWEEN 
PULSE AND BREATHING CHANGES AND ELECTRO- 
BIOCHEMICAL RESPONSES 


By Auvuu R. LAUER, Iowa State College, and Erma A. Surrg, 
- University of Chicago 


So much has been said relative to bio-electrical phenomena within 
recent years that further elaboration is unnecessary here. Landis 
and Dewick have very thoroughly reviewed the literature. It 
suffices to say that the variation in methods of procedure would 
alone account for certain discrepancies in results noted. However, 
the immense amount of time and effort spent upon this type of 
investigaticn would tend to indicate the existence of a certain basic 
phenomenon which so far has not been satisfactorily measured. 

It is our contention that various factors are involved in electrical’ 
changes of the living organism, and the present study is an attempt 
to determine the association of such relationships. Particular atten- 
tion is given to the temporal sequences of different processes selected 
for measurement. ' 

The junior author has shown that electrical accompaniments of 
_ certain responses can be measured consistently if the physical char- 

acteristics cf the apparatus are held constant. When a measure can 
be repeated with a certain assurance of securing consistent results, 
the technique may be used to determine, if possible, the antecedent- 
consequent relationships, or associations of such phenomena as may 
- be under consideration. The following study was thus undertaken 
to discover the relation of certain physiological processes occurring 
immediately after sensory excitation. 


. METHOD AND ÁPPARATUS 
The Jaboretory method is here supplemented by statistical analysis. Measure- 
ments were made of 30 college sophomores making a total of 133 reactions. 
"The averages of each were used for tabulating data on the various stimuli. For 
correlation purposes the 133 reactions were treated separately. 


*Accepted for TIL N Do se Thee 25, 19 

1. Landis and H. N. Dewick, The electri phoncanna of the skin (psycho- 
galvanic reflex), Psychol. Bull., 26, 1929, 64-11 

2A, R. Laner, Reliability of the psych vanic reflex, this JOURNAL, 4I, 
1929, 263-270 ‘ 
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The S was seated in a cushioned chair (13) (see Fig. 1) within-a darkened 
booth and instructed to sit quietly and relax. Information was further given 
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that surprise stimuli would be presented. A Marey tambour (15) was attached 
to the left side of the neck just over the external carotid artery and fastened by 
means of a special strap around the neck. This tambour was in turn connected 
with the sphygmograph which recorded on a smoked drum (24). , À pneumograph 
(16) was also attached to S in the same general way. 

The electrical changes were measured by a Wheatstone bridge (4) with a 
d’Arsonval galvanometer of the Leeds and Northrup fabrication, having 500 - 
ohms coil resistance, 300 megohms sensitivity, with a 3-sec. period and critically 
damped. The regular Féré technique was used with a 10:1 ratio in the two arms 
of the bridge and & 3-ohm shunt across the terminals of the galvanometer. The 
junior author’s liquid electrodes were employed,’ being attached to the palms 
of the hands. A 3-molar NaCl solution was used as the electrolyte. The two 
hands were placed on a cushion supported by a long desk (12). 

By means of a needle pointer (34) attached to the lever (35) the deflections 
were registered directly on the kymograph drum “24). Thus the pulse, breathing, 
and electrical changes were recorded simultaneously, as shown in the sample 
- records in Fig. 2. Time was marked by a signal magnet (29) connected in series 

with a 6.57 d.v. fork. The fork was calibrated for this experiment. ' 

In the same way the administration of stimuli was registered by a signal 
magnet (30) in series with a multiple aro circuit, each branch of which respec- 
tively was closed with the presentation of one type of stimulus. The latter 
oorisisted of: (a) a smali xylophone bar (r9) struck by a sound hammer (20) 
raised to the height of 30 cm. and allowed to fall of its own momentum; (b) a 
skull (11), hidden behind the curtain (8), which was illuminated from within 
by a 60-w. bulb when the cord (10) pulled aside this covering; (o) the shrill blast 
of a policeman’s whistle blown by Æ; and (d), a shot from a .22 short blank 
cartridge fired from a clamped rifle (38) pointed in the opposite direction from S. 
The policeman's whistle was lees constant than the other three types of stimuli, 
but in any case the element of personal proximity to S was excluded. 

After the S was seated for a few minutes and his resistance stabilized, the 
first stimulus was given. The measurement was made, and after stabilization the 
bridge was rebalanced, if necessary, and a second stimulus given. In about 
70.1% of the cases no rebalancing was necessary. The stimuli were generally 
given in the following order: sound of hammer, whistle, skull, and rifle. Ina 
few cases the order was changed and usually the stimuli were repeated. Mean 
values were used as scores in the latter cases. 

The records furnished several kinds of data for analysis. Body resistance 
values were copied directly on the datz sheet from the bridge reading. Using 
a method of calibration previously described by ths junior author,‘ the resistance 
“and deflections were used to compute the actual ohms change of the S and the 
percentage change. The latter is a result of the actual change in ohms divided 
by the initial body resistance. 

Considering Fig. 2, Curve 1, it will be seen that the galvanometer deflections 
may be divided into three separate phases with respect to temporal sequence. 

"Lauer, A new type of electrode for the galvanic skin reflex, J. Exper. Psychol., 
Yi, 1928, 248-251. 

‘Lauer, op. cit., this JOURNAL, 263-270. 
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There is, first, the period of time after a stimulus is given until the deflection 
takes plaoe (À); second, the time required for the deflection to reach & maximum 
(B); and third, the time required for the return to normal (C).5 


Y A B c 


mea Ts 





Curve No. 3 


Fig. 2. BAMPLE RECORDS OF THE PULSE, BREATHING, AND ` 
ELECTRICAL CHANGES 
T = time line in 1/6 sec.; H = pulse; R = respiration; S = stimulus; 
X = galvanometer; Y = stable Ba before stimulus; ; A = time between 
stimulus and "beginning of response; B — time required for maximum galvanie 
response; C — time required for galvanometer to return to & point of stability. 
In Curve No. 1 the galvanometer did not return to normal. Records like 
this were obtained in about 30% of the cases. Another unusual characteristic 
of this curve is the ME short duration of period A. Curve No. 2 is more wie 
of the results obtained in this study. In Curve No. 3 the pulse line = 
marked changes—the startling effect of the rifle shot. 


In addition to these phases of the electro-organic response, pulse rate and 
breathing curvea were recorded. The curves of Fig. 2 show these results in 
detail In addition, body resistance could be found from the data sheet upon 


*It may be well to say that there was no clean-cut case of the resistance’s 
having increased immediately after a stimulus.- There is always a possibility. 
that attaching the electrodes may produce ohmic changes, and in certain Ss this 
may persist for an unusually long time. In one instance, after the bridgé was 
Bland there seemed to be a gradual increase in resistance. After stabilization 
the stimulus was presented.and the resistance continued to increase. Later 
excitations of the same S failed to produce the same results. 
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which & limited protocol was made. The records were read by means of a small 
glass in units of slightly under 1/6 of a second as given above. Measurements 
of segments of the curves were made in millimeters from hairline scratches made 
on the fixed records. These data of 133 reactions from 30 Ss were punched on 
Hollerith cards, and part of the results computed from the latter. In order to 
study the nature of the relationships the correlations were plotted on standard 
sheets: 


RESULTS 


Table I shows that (1) the measures are consistently i in one direi 
tion which is an indication of the significance of measurements, and 
(2) there is a fair correspondence in magnitude of the responses with 
the intensity of the stimulus. 


TABLE I 
ExraNT AND DIRECTION oF REACTIONS TO DirrnngNT STIMULI 
Bell Skull Whistle Rifle Mean 


Breathing (percentage)...... |». — 1.6 —3.0 —2,7 — 5.3 -—1.80 
Heart rate (percentage)..... +84 +79 +66 +96 +8.12 
Galvanometer deflections 

1H ee i EE nests +78 +47.6 +65 +11.5 +9.09 
Change in ohms resistance.. —1560 —2240  —IIO4  —2426  -—1845 
Percentage ohms change.... — 7.8 —8.7 — 6.7 -—10.9  —8.20 


In Table II the following facts seem signifieant:.(:) the first 
response is delayed longer than those made to subsequent reactibns; 
(2) the greater the response the longer is the period before return to 
normal; (3) there is very little difference between the various stimuli 
with respect to the time between administration of the stimulus and 
the point of maximum deflection. l 


TABLE I- 


DURATION OF DIFFERENT PERIODS OF GALVANOMETER DEFLECTION 
Time (in sec.) Bell Skull Whistle Rifle Mean 
From stimulus to response... 4.39 3.76 - 3.81 3.77 . 3.94 
For deflection to reach maxi- l 
TUM oA sc bas EE 10.39 II.64 | 9.19 11.76 10.78 
SUI. iss eurer SA eee tetas 14.78 15.40 14.00 15.53 14.72 


For galvanometer to return.. 21.75 24.64 23:55 39.52- 27.03 
= The temporal relation of these changes suggested & further com- 


parison with existing data. According to Buchanan,’ pulse changes 
taking place immediately following the onset of physieal exercise, 


‘F. Buchanan, The physiological significance of pulse rate, Trans: Ozford 
Scientific Club, 14, 1909, 351. 
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increased 31.8% the first L6 sec. Within 4 sec. after a sensory 
stimulus was given in our experiments the increase was only 5.1%. 
The total increaSe over the resting rate was 9.1%. The upper half 
of Ss (those having greatest heart increase) were sorted out by the 
tabulating machines and compared with respect to time and magni- 

tude of deflections. This is shown in Fig. 3. 
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Fra. 3. Curves Saowine CHANGES IN THE GABVANIC 
Response AND Purse Rate 


Curves A and B pies the gelvanic response periods for the upper and 
lower 50% groups divided on the basis of pulse rate. es À' and B' show the 
_ relative amounts and rate of pulse changes for the same groups. Curve C shows 
Buchanan's increase of pulge rate with exercise. 


It is evident from the curves in Fig. 3 (a) that pulse changes take 
place much more rapidly than galvanometer deflections from bio- 
chemical responses; (b) that persons with a higher normal pulse rate 
tend to have greater proportional increases than do those with lower 
pulse rates; and (c) exercise increases pulse rate much more, but the 
time for the increase is about the same.  . 

In addition to the measurements described above, the standing 
pulse rate was taken after S had rested. 2 min. in the laboratory. 
He was then caused to walk 1oo steps at & brisk rate. No graphic 
record could be made; only a record of pulse rates as taken from the 
radial artery before and after exercise. The percentage increase 
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with exercise was correlated with the percentage increase after 
sensory excitation. An r = —0.2723 +.11 was obtained, indicative 
of at least a zero, if not a slightly inverse relationship, between these 
two phenomena. This would seem to signify that different factors 
are involved in pulse increases during exercise and those during or 
following sensory excitation. 

Finally the 133 reactions were considered separately and corre- 
lated to determine the various intercorrelations of the'7 variables 
used in the major series of this study. The results are een in Table 
ITI, which shows the E facts: 


TABLE III 
Minimi or CHANGES FOLLOWING SENSORY EXCITATION 
Ho =heart change in bea Tr = = heart change in bests 
Td = time for maximum oflection Rt = time of galvanometer return 
Oc = aetualohms change — . Br = initial body resistance 
De = deflections in cm. Be = breathing changes in percentage 
(The probable errors range from —0.060 to -£0.022) . 
Ho Td Oc Do Tr Rt Br 


Td: 4.7962 

Oe +.3812 +.5478 

De +.3254 +.4178 -+.1664 

Tr —.0754 -+.0099 -—.0410 —.0736 

Rt  -F.3216 +.2135 +.2366 +.4189 —.1177 

Br +.1640 +.1902 -4-.6347 —.1568 +.1581 —.1367 

Bo | —.1892 -+.0100 -+.0157. -F.0877 —.0845 -+.0122 —.0084 


(1) There are significant associations between the following 
variables: (a) heart changes and the time required for the deflection 
to reach a meximum; (b) initial resistance and ohms change; (c) 
ohms change and heart variation; (d) magnitude of deflections and 
heart variation; (e) return time and pulse change; and (f) possibly 
between pulse and breathing changes, 

(2) There is no significant relation between breathing changes 
and any of the six other variables studied. The reliability of the 
measurements of breathing changes was not determined, but the 
consistency of changes shown in Table I tend to support these results 
as worth consideration. l 

(3) Other apparent relationships between return time, deflec- 
tions, ohms change, and initial resistance are inherent, due to char- 
acteristics of the apparatus as described by the junior author.’ 


TLauer, op. cit., J. Exper. Psychol., 11, 1928, 248-251. 
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A further study of the relation between body responses and elec- 
trical changes was made by multiple correlation technique. The 
formula, Ror = (Ta +- Ta = 23 1 -To2-Tis) / (1 == 15,3)]! Was used. 
In turn each aspect of the galvanometric curve and its characteristics 
was used as a criterion with the heart and breathing changes set 
as independent variables. ‘The results shown in Table IV were 
obtained. 

TABLE IV’ 

MULTIPLE CORRELATION ConFFIOIENTS 
RRt.BaHo = +.3301 Roo Bo, He, = +.4177 
RTrBeHe = +.1038 RET4.BeHe = +.8131 
RdeBaHe = +.3264 Rear.Be,Ha = +.1655 


From Table IV it is obvious that the length of time required for 
the electrical changes to take place is most closely associated with 
pulse and breathing changes. The second closest asociation is the: 
actual ohms change; next comes the time for return to normal, and 
finally the amount of deflection. Of course some of the other measures 
may be more important, depending upon the cae used, but the 
facts of association are clearly shown. 


SUMMARY 


(x) When external conditions are held constant the magnitude 
. of the electro-biochemical response is roughly proportional to the 

strength of the stimulus. 

(2) Changes in pulse rate hone exercise seem to be brought about 
by different factors than those producing changes i in pulse rate after 
startling or exciting stimuli. 

(3) The period of time required for the galvanometer to return 
to normal seems to be important, as measuring responses different 
from those involved in sheer physiological changes. 

(4) Body resistance seems only slightly correlated with suscep- 
tibility to change after sensory excitation. 

(5) Changes in pulse rate after the stimuli were given are highly 
correlated with the speed of the response. 

(6); Breathing changes seem to have no correlation with the 
electrical changes measured by this technique. 


THE RELATION OF.BRIGHT AND DULL PRESSURES TO 
AFFECTIVITY AND THE METHOD-OF CORRELATION 


By EnizanmrE Convarsu, Bryn Mawr College 


In an erdeavor to settle the issues raised by Young's criticism! of 
Nafe's reduction? of pleasantness and unpleasantness to bright and 
dull pressures, Hunt proposed the method of correlation as a solution. 
- Young claimed that Nafe's results were due to laboratory atmosphere. 
"While Nafe denied this, he did admit that bright and dull pres- 
sures were not ‘attention demanding.’ In order to find them the Os - 
must be set for them. In order to avoid laboratory bias, the Os must 
not be told of any connection between these pressures and affectivity. 
Hunt, therezore, instructed his Os to report at one time upon the bright 
. and dull pressures aroused by visual stimuli, and at another time upon 
pleasantness and unpleasantness. ‘“The correlation between the two . 
sets of reports would then support Nafe's claims or disprove them.” 
Experimenta with different groups of Os and under a variety of checks 
gave consistantly high correlations between these two sets of qualities, 
with sufficiently small probable errors to insure statistical reliability. 
Hunt’s results are obviously not due to chance. Of three possible 
interpretations, Hunt concludes that “affection is accompanied by- 
bright and dull pressures," rather than ''affection ts bright and dull 
pressure” (Nafe’s view), or that these qualities depend upon identical 
receptor processes but different attitudes of.report (the third view). - 


EXPERIMENT I 


Followinz the suggestion made by Hunt that further investigation 
is necessary to determine which of these views is correct, and, we 
may add, tc determine if some other view may not be even more 


at Mae for publication July 9, 1932. This study was directed by Profeasor 
n. 


H He 
mit T. Yourg, Studies in affective psychology, this JOURNAL, 38, 1927, 157-193. 
2J. P. Nafe, An experimental study of the affective qualities, thid., 35, 1924, 


507-544. i 
WA A. Hunt, The relation of bright and dull pressure to affectivity, tbid., 
43: apt 87-92. 
unt, ihid. 88. 
‘Ibid., 92. 
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plausible in the light of added evidence, we decided to repeat Hunt’s 
work, keeping conditions, during part of our experimentation, identical 
with his. 


Procedure. In the first set of experiments Hunt’s procedure was followed as 
closely as possible in every respect. Visual stimuli were used, as in his experi- 
menta, in order to avoid local pressures. They consisted of 20 standard Milton- 
Bradley colored papers of various hues, brightnesses, and saturations. The 
stimuli were 5 in. sq. and exposed behind the opening in a large gray cardboard 
screen. The Os were 4 ft. from the screen, eyes level with the stimulus. Palo 
daylight lamps served as the source-of light in a dark room in order to insure con- 
stant illumination throughout. Fifteen persons acted as Os for this set of experi- 
menta, their psychological training being as follows: 4 Os, (G, Gr, H, Y) were 
seniors and somewhat experienced in observing as they were conducting experi- 
ments of their own and observing in those of each other; r0 Os, (B, C, K, Ch, 
Br, Hu, Ba, Ka, P, and Q) had had only an elementary course in experimental 
psychology, and.1 O, (M) was then taking her first course in psychology but had 
not then arrived at the laboratory work. 

The instructions resembled Hunt’s and were aa follows for G, Gr, H, and Y: 

I shall present you with various colored stimuli and you are to report whether 
the experience involved is pleasant, unpleasant or indifferent. 

The stimuli were given in constant order 10 times: 5 at the beginning of the 
week and 5:at the end. Every color was exposed for 5 secs., with a 10-sec. interval 
between suecessive presentations during which the Qs gave their report. The 
following week the game colors were given again in the same way, but this time 
the instructions called for reports on bright and dull pressure. The instructions 
and explanatory comments used by Hunt were followed. 

I shall present various colors. You are to attend to the general experience in- 
volved in observing them, and to state whether this ee involves a bright 

pressure or a dull pressure. These bereg are qualitatively similar to those 
S dingeily elicited by cutaneous stimulation, but in no way identical with them. 
' ‘You are to report whether the color you have seen is PECON a by bright 
pressure, dull preasure, or nothing in the way of pressure. 

The explanation of terms consisted of the following — € " 

ed ht pressure’ has been described as a tactual bright pressure or touch 
auat A bebee Pape: bright purs and tiekle. It has expansive qualities and 
cp beue. Prid a rominent at the edges than in the center. Itis 
bright, b buoyant, a has bodily feel. The whole experience is diffuse and 
yolumic, and is patterned with the patterns varying from one experience to 
another. The following ge ni bn have been used in describing it: bright, 
sparkling, brilliant, active, effervescent, like tickle, dancing, shimm , misty, 
mild, v&porous, t, airy, fluffy, ethereal, amóoth, soft, welling, sp , like 
expansiveness of t e body. 

‘Dull pressure’ has beon described as a dull preasure oF du RE DAE 
dull pressure, or between dull pressure and strain. It is not exten has 
qualities of constrietion and has been called radial, but more prominent at the 
center than at the edges. While it is diffuse and volumie, it is less so than bright 
pressure and is duller and less bright. It bas been called dull, massive, drab, dead, 
rigid, less lively, somber, inert, stiff, gloomy, more dense, heavy, sinking, leaden, ~ 
thick, cold, ro ugh, grating, insistent, condensed, like bodily contraction. d 


‘Hunt’s instructions and explanatory comments were given verbatim, tbid., 89. 
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Both the affective and pressure judgments were given numerical values ag 
follows: pleasantness and bright pressure were given -+1; indifferent o, and un- 
pleasantness and dull pressure —1. The coefficients of correlation were then cal- 
culated by the product-moment formula. 

A second group of Os (B, C, K, M, Q) were given these same colors and the 
affective judgments called for first and the pressure judgments later. Only 3 
series, or repetitions of each stimulus, were given this time as it was found that 
the judgments remained reasonably constant from ine very first in the previous 
observations. 

À third group of Os (Ba, Br, Ch, Hu, Ka, P) were given 3 series in which the 
pressure judgments were called for first and later three more series in which the 
affective judgments were called for. This group was to serve as a check on the 
other two so far gs order of judgments went. ` 


Resulis. The results of the experiments with the three groups of 
Os are given in Table I. 


"TABLE I 


SuowiwNa, yog Every O or Every Onm or ran Tauran GROUPS, rug CORRELA- 
TION BETWEEN THE AFYECTIVE AND PRESSURE JUDGMENTS 


Group I ' Group i Group Ii 
O r PE. O r PE O r PE. 
G  .43 .I5 B .sg .09 Ba .32  .14 
Gr .o ‘ C  .5r n Br .42  .1a 
H  .66 ..09 K o Ch .:28  .14 
Y  .09 ılı M  .18 15 Hu .003 ..15 
Àv, r = 30 Q  .50' .10 Ka .82  .05 
; Av. r = .36 P œ 
: ] Av.r = .3I 


In every one of the groups one O failed to report any pressures 
with & consequent correlation coefficient of zero. These zero values 
do not depress the average coefficient of correlation very much. We 
felt no reason existed, therefore, for discarding the results, particularly 
as the Os seemed to be trying to follow the instructions. 

The striking result from our experiments is the low correlation 
between bright and dull pressures with pleasantness-unpleasantness, 
low as compared with Hunt’s results. The average coefficient of cor- 
relation for Hunt’s 11 Os is 0.89 while that for the 15 Os used in our 
experiments is 0.36. If Hunt’s probable errors of his coefficients of 
‘correlation are to mean anything they should give some indication of 
what is to be expected from a random sampling of coefficients of cor- 
relation based upon the same conditions. The coefficients for our Os 
fall so far outside the limits of Hunt’s as to leave no doubts concern- 
ing the significance of the difference between his and our results. So 
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far it would appear that a random sampling of Os does not result in a 
duplication of Hunt’s high correlations even when his method of pro- 
cedure has been followed to the letter—in so far as this is possible at 
another laboratory. 
: ExprRiment II 

In order to favor Hunt’s hypothesis we next used auditory stimuli 
which Hunt rejected because they might produce local pressures. 
This possible criticism of Nafe’s work which Hunt wished to avoid in . 
his impartial approach we decided to incur in the hope that better 
conditions for a high correlation would serve as a better test of the 
Nafe-Hunt theory. l 


Procedure. The stimuli in the first auditory experiments: consisted of the 
eight tones of the 2-A &udiometer, having frequencies of 64, 124, 256, 512, 1024, 
2048, 4096, and 8192 cycles, given at a dial Betting of 50 for each in order to keep 
the intensity of the tones constant and well above the threshold. 

` The Oa in this part of the experiment were C, G, Gr, H, Q, and Y who had 
taken part in the previous experimenta and in addition, two experienced Os, F 
and Hi, graduates in psychology. Fifty repetitions of every tone were given to 
every O. Every tone was given for 5 sec. and an interval of 10 sec. allowed for 
rest, and report, and after every 7 repetitions a longer rest was allowed. The in- 
structions were the same as above, except for the substitution of the word ‘tones’ 
for ‘colors.’ The first 4 Os were asked to give judgments of pressures first, and a 
week later judgments of pleasantness-unpleasantness, while the judgment reports 
were reversed in the case of the last named Os. The results were treated in the. 
same wey as described above for the color judgments. 


Resulis. The results of Experiment II are given in Table II, 


which shows the coefficients of correlation, obtained from the Os of 
the two groups, between the affective and pressure judgments. Al 


TABLE II ` 


SuowiNg, FoR E:vary Ô or Eaca or THE Two Groups, THE CORRELATION 
BETWEEN THE AFFECTIVE AND THE PRESEURE JUDGMENTS 


Group I Group H 
O r P.E. O r P.E. 
G  —.7a 20 C .89 05 
Gr :34 21 F .0 
H .36 2I Hi  .69 I3 
Y —.98 .oor Q 0>, 
Åv. r = —.25 ÀY. r = .39 


the Os of Group I reported pressures, including one O (Gr), who did 
not in Experiment I. The Os of Group II gave results very different 
from those obtained from Group I. 
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The results with the first set of Os on the tones gave an average 
correlation of — 0.25, while the second gave an average correlation of 
-+0o0.39. If we average both groups we get a coefficient of --0.07, 
which is nearly zero correlation. Analysis of the individual resulta 
shows that anything may happen. The two negative correlations 
are practically statistically reliable, as well as being fairly high while 
the same may be said for the two positive correlations in the second 
group. Two correlations are zero, even though pressures were reported, 
and two are neither sufficiently high nor sufficiently above their prob- 
able errors to be significant. Hunt, in discussing his coefficients, says, 
‘Gf the effect of variability . . . could be cancelled out, the correlations 
would approach a value of + .oo or perfection." Asa matter of fact, 
& larger universe, as represented by the addition of our Os, gives 
lower correlations and contradictory results for different Os. Since 
Hunt’s results all were in one direction and consistently high we must 
conclude that there existed some unspecified conditions favoring high 
correlations between the affects and pressures in his experiments. The ` 
results from our experiments, low, high, negative, and zero correla- 
tions, argue much more convincingly for Bed conditions than do 
the results of Hunt. 


EXPERIMENT III 


Owing to the fact that some Os objected to the tone emu on the 
ground that they were devoid of feeling-quality, another set of experi- 
ments was designed in which auditory stimuli were presented having 
affective quality. 

Procedure. Ten musical records containing selections from classical music, 
jazz, and ‘strange music’ were used.’ Only ths first few opening chords or bars 
were used containing a simple theme or melody and lasting only several seconds. 
They were presented three times in succession and the Os were asked to give their 
judgment on the last presentation. Pleasant-unpleasant judgments were given . 
first, and then bright- and dull-pressure judgments. 


Resulis. The results of Experiment III are shown in Table III. 
Despite the fact that we used in this experiment stimuli that had very 
definite affective values, which wére much richer than the colors and 
pure tones a in the preceding experiments, the correlations were 


TThe follo records were used: Brahms, Symphony 1, Movement 1, 
PICO 6660-4; spel from Traviata, Victor, 35807-A; You Paa You, 
225; ; , Afternoon of & Faun, Victor, 6698-A; B 
Syphon I, Movement 4 3 Victor, 8660-B; -Korsako ff, S 
ement x, Victor, 07398-A; I Don t n Why, Columbia, $5410-D; Selections 
from Traviata, Victor, $5807-B; Coplas del Terruno, Brunswick-B ogata, 40267-A ; 
Return of Peer Gynt, Victor, 9388- 
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not significantly higher than before. With one exception, neither the 
correlations themselves, nor considered with their probable errors are 


significant. 
TABLE III 


SHOWING, FOR Every O, Tun CokRELATION BETWEEN THE AFFECTIVE 
AND PRESSURE JUDGMENTS 


O r P.E. 
C .&6 .06 ' 
G ‘3% .I9 
Gr .0 
i: H 23 .2I 
Y —.ro .2I 


We must conclude, therefore, that the occasionally significant co- 
efficients of correlation found in our results are but due to random 
sampling &nd that for our group anything may occur: there may be 
high, low, zero, and even negative correlations between bright and 
dull pressures and pleasantness and unpleasantness. A larger uni- 
verse does not help Nafe's or Hunt’s case. It must be remembered 
that our Os were not instructed either for or against the theory that 
` pleasantness zs or is aécompanied by. bright pressures and unpleasant- 
ness 78 or is accompanied by dull pressures. 

But Hunt got consistently high correlations between ‘these two 
sets of qualities. He believes they support a particular analysis made 
by Nafe, or the latter’s Os, Before we take up the question of the 
meaning of correlation, whether high or low, let us report another set 
of experiments and their resulis. 


' EXPERIMENT IV 


We suspected that if any pair of opposites taken to be mundis 
exclusive by our Os were correlated with another pair of similar terms 
(pleasantness and. unpleasantness, for example), the chances were 
good that some correlation would be found. We chose the paired 
‘terms ‘personal-impersonal.’ If one were asked what these terms 
have to do with pleasantness-unpleasantness we must confess we do 
not know; nor do we know what bright and dull pressures have to do 
with pleasantness and unpleasantness. Hunt implies that he did not 
either, but held that if the method of correlation should yield high 
coefficients, then Nafe’s contentions would be supported. In that 
: ease we would be justified in concluding from the results about to be 
reported that affection is either personal or impersonal, or that it is 
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accompanied by personal and impersonal (what?), or both depend 
upon identical processes but different attitudes. Hunt’s logic must 
apply to any pair of correlatec variables if the correlations are suffi- 
ciently higher than their probable errors. 


Procedure. Three series of the 20 colored stimuli previously used were given 
to H, G, Gr, and Y, with the following instructions: , 

I shall present you with various colored stimuli and you are to report whether 
they are personal or impersonal. Judge them according to your own definition of 
personal and impersonal.* Later ycu-will be asked for your criteria of personal 
and impersonal. Try to keep as near as possible to the generally accepted mean- 
ings of these werds. 

We give some of the definitions of these words as reported by the Os. 

Y: A color was personal if it was warm and rich-and had a meaning, whether 
‘rae or unpleasant; and impersonal if indifferent and cold, with no meaning 
or effect 

H: Personal was a color intimately connected with myself, a color I might like 
to wear or have around, while impersonal was the opposite, being in no way con- 
nected with myself. 

. G: A personal color concerned definite things or a definite type of person; or a 

definite type of erson might wear it. Impersonal colors, on the other hand, were 

neral and t be associated with anything or anybody; anybody might wear 
em. 

Gr: Colors were judged as personal or impersonal when they reminded me of 
something or of some person associated with me, whether pleasant or unpleasant. 
Impersonal colors called up no such associations. 


Results. The results of Ex»eriment IV are given in Table IV. 
The correlations shown here, as judged by statistical criteria, are all 
significant, two of them being high. If the reader will turn to the re- 
sults for this group of Os in Experiment I he will find that they are 
much lower and with one exception do not possess reliability. But 
the correlations between affective value and ‘personal-impersonal’ are 
all fairly high and more than 4 times their probable error. Are we to 
conclude that all affective values are personal-impersonal or that the. 
latter ‘accompany’ the former, or that they have identical receptor 
processes but.different attitudes? 

Having high correlations that are statistically reliable are we to 
conclude that the correlated variables can be reduced to one another, 
are associated -with or accompary one another? Authorities in this 
field speak as follows: “Persons making use of the coefficient (of cor- 
relation) should be warned that it reveals conditions which, though 

"These seem to be the only ways in which Hunt seems to be able to interpret a 
i h correlation coefficient. We sball see that there are other intérpretations 

ich do not favor the Nafe reduction. 


*Nafe’s Os, the original discoverera of bright and dull pressures, must have 
used their own definitions of these terms so we were introducing nothing new from — 


, the point of view of psychological method. 
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necessary, are insufficient for inferences as to causal relations and 
common elements and other hypotheses involving extra-statistical 
consideration.” It would appear that Hunt’s high correlations 
mean as little for the relationship between pressures and affects as 
ours do for the relationship between personal-impersonal and the 
affects. We are not concerned to argue the question as to how Nafe’s 
results were obtained. We believe that Young has furnished a com- 
pletely convincing explanation. We are only concerned here to show 
that it is possible to get high correlations between variables which 


. TABLE IV 


SHOWING, FOR Every O, TEM CORRELATION BETWEEN JUDGMENTS OF PERBONAI- 
IMPERSONAL AND PLEASANTNEBS-UNPLEABANTNERS 


Ó t P.E. 
G . 54 AT 
Gr .57 .IO 
H .87 . 04. 
Y IE .07 


have no psychological relationship to each other, other than that set 
by the conditions of the experiments. Ask set of Os, with the suasion 
that goes with the atmosphere of an experiment, to judge a set of 
stimuli by means of two sets of terms, each containing antithetical 
terms, and we venture to predict that more often than not high corre- 
lations will be found from such procedure. Unless there is other 
ground for believing that some significant relationship exists between 
two variables, correlation furnishes no scientific basis for its assertion. 
High correlations may indeed lead us to look for more significant, 
psychological relationships but they do not and cannot settle the, 
issues raised in the Young-Nafe controversy. On the contrary, high 
correlations may be due as much to laboratory atmosphere or other 
unspecified and unspecifiable conditions as introspective analyses. 
The chief test by which charges of laboratory bias can be met is 
that of reproducibility of results found in one laboratory by another 
laboratory. We have failed to reproduce Hunt’s high correlations for 
pressures and affectivity just as Young failed to reproduce Nafe’s 
analyses of the affects into pressures. But even had we been able to 
get the high correlations Hunt found, we have shown that these can 
by no means be interpreted in the manner Hunt would have them. 
; i iati inei z 
Tu Ere a P vi ood rv statistical principles, The Founda 


749 o ; CONVERSE i 


Finally the factor of E must not be overlooked as a source 
of the high correlations. ‘Bright’ suggests joyous, happy, pleasant 
states, while ‘dull’ suggests dead, unpleasant states. So a color judged 
as pleasant would be more apt to be suggestive of ‘bright’ pressures 
than one judged as unpleasant. It is not assumed that ‘memory’ 
played any part from the reporte under the one set of instructions to 
those of the other. The ‘suggestion’ might well be immediate and 
‘attach to the color directly. In the same manner ‘personal’ might 
suggest pleasantness and ‘impersonal’ unpleasantness." If a stimulus 
is pleasant it may be (if an O must choose between ‘bright’ and ‘dull’ 
or between ‘personal’ and ‘impersonal’) ‘bright’ rather than ‘dull,’ 
‘personal’ rather than ‘impersonal’ Thus high correlations might 
well be established between hundreds of pairs of words having no more 
connection psychologically than the affects and pressures and ' per- 
sonal-impersonal.’” -~ 

M uyt shoud be cain vr did not Cum a high MUT T 
Stand uus vasa about en they aflerqeris reported: “Vhs oae a ve tre 


speaking of we believe to be immediate a hea i its H in the instructions, 
setting of the experiment, and the O, pene | 
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ATTENTION AND BODILY SWAY 





By E. B. Sxaaos, I. 8. Skaaas, and MARTA JARDON, 
' College of the City of Detroit 


In 1925 Fearing reported the results of a systematic investigation 
of the relation between attention and bodily sway,! which indicated 
that the subjects were better able to maintain a given posture of the 
body when attention was directed away from the task of maintaining 
it than when attention was directed to that task. These results were 
in part negated and in part confirmed by Skaggs and Hichkern,? 
in 1928, who found that some subjects swayed less when their atten- 
tion was directed to the immediate task of muscular eoórdination, © 
and that others swayed less when their attention was directed to 
extraneous matters. It was in the hope of explaining these ee 
results that the present study was undertaken. 


Marcon AND PROCEDURE 

Apparatus. Since the apparatus has already been described,’ brief mention 
of it here will suffice. There are three integral parts to it: a body-piece, a meter 
stick with a cardboard platform attached to the upper end, which is fastened 
to S’s back—the platform projects about 2 in. above his head; a recording sheet,* 
smoked or sensitized paper, which is fastened to the top of the platform; and a 
stylus, an adjustable overhead rod that moves freely in the vertical direction in a 
sleeve that prohibits horizontal play, which is brought to bear upon and removed 
from the sensitized paper as desired. 

General procedure. S stood under the overhead piece with his feet in a constant 
and standard position, 4.6. with his heels 2 in. apart and turning outward at an 
angle of 20°. He was instructed to assume a comfortable erect position and to 
signal by saying “Now” when he had found one that he thought he could main- 
tain. At the signal, E brought the stylus to bear upon the sensitized paper and 
exactly r min. later removed it. After an interval of from 1-2 min. the procedure 
was repeated. All the experiments-were made, unless otherwise stated, with 
eyes open. 

*Accepted for publication May 18, 1931. ` 

IF. S. Fearing, Factors influencing static equilibrium, J. Comp. Psychol., 


5, 1925, I-2 
sje. B. 8 Bags and G. C. Eichkern, Some studies of body sway, Mich. Acad. 
Sa. 1 Arts, and 8, IO, 1928, 369-79. 
and Bichkern, op. 
du the first part of the work we used smoked paper, in the later part we used 
a sensitized gelatin-film-paper. 
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. Movements of the body were thus graphically recorded. The greatest 
deviation from the initial position was taken a3 the measurement of bodily sway. 
We could not, although that might be highly desirable, measure the total amount 
of bodily movament with our recording apparatus. All the measurements were 
made in millimeters. , 2 '* 


l 


EXPHSMENT I 


Records were. obtained in Experiment I under three different 
instructions: (1) with attention directed to the task of maintaining 
position (MP); (2) with attention directed to the task of mental 
multiplication (MM); ; and (3) with attention directed to the task of 


reading (AR. 

Subjects. Twenty-one $8, ro women and 11 men, all college students, served 
in this part of she study. None of the Ss had had any previous training in the 
tests. e ~ ; l 

Procedure. Every S came to the laboratory 5 times. Six records were ob- 
‘tained at every meeting, t.e. 2 under every one of the 3 instructions. In all, 
therefore, 30 records (10 under every instruction) were obtained for every S. 
The order of the testa was rotated ‘at each meeting so as to equalize the effecta 
of practice and other errors due to the temporal position of the tests in the day's 


' feries. 


Results: ` (a) Objective. Tho date of Table I show that both 
groups, men-and women, are better able to majntain & standing 
position with attention directed to mental multiplication. The 
group averages indicate this clearly. If, instead of comparing group 
averages, we 2onsider the individual cases (not given in the table) ` 
we find that ro of the rx men, and 7 of the xo women; sway less when 
attention is directed away from than when it is directed to the task 
of maintaining position. 

A comparison of results presented in Table I shows, on the basis 
of group averages, that the Ss swayed more under the AR instruction 
than under th» MP.: Inspection of individual averages (not given 
in the table) shows that 7 of tha rr.men, and 6 of the ro women, 
sway more uncer the AR instruction. 

Under the conditions used in this section of our study, then, we 
find that Ss sway lesa with attention directed to mental multiplication 
but more with attention directed +o reading, as compared with atten- 
tion directed tc the task of maintaining position. 

(b) Introspective. A study of the intrcspective reports of the Ss 
indicated that there was great need to define more specifically the 
condition of directing attention to maintaining position. The instruc- 
tions to “keep sttention directed to the task of maintaining position" 


-— 
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were interpreted in various ways by different Ss. One kept saying 

to himself, “Hold fast, steady now. I-must keep this position," 
" and so on. Another visualized the overhead piece, translating his 
kinaesthetic sensations into visual imagery. Another attended to 


TABLE. 1 
GROUP ÁvERAGES UNDER THE DIFFERENT INSTRUCTIONS 
Attention on 
|: Maintainin Mental Reading 
Position s Multiplication 
No. , (MP} (MM) (AR) 

Men II 23.92-5:0 18.4-4.1 24.523-6.2 
4 Women 10 30.44:5.3 - 25.944.3 32.2+8.0 


the muscle strains from his leg muscles. Still another watched a 
spot on the wall: It was obvious that while all of the Ss directed . 
their attention away from the task when so instructed there was no 
uniformity’ regarding the content of attention when they were in- 
structed to attend to the task of maintaining poo 


Experiment II 


The results of Experiment I demonstrated the necessity of strictly 
defining the instruction, “attend to maintaining position." With 
that in mind a second series of experiments was performed. 


Procedure. The Ss were requested to attend, under the instruction to main- 
tain bodily position, to the strain sensations in the leg muscles and to make 
their readjustmenta by carefully noting and reacting to the shifting tensions. 
This instruction, which is designated 'as the MP, instruction, was alternated 
with the instruction to attend to the task of mental multiplication (MM). 

Subjects. Twenty-two college students, 11 men and 11 women, served as Ss. 
Eight records were obtained from every one of them—4 from each instruction 
at 2 experimental periods. One S was started with one instruction, the next 
with the other instruction, and so on, alternating throughout the group. The 
tests under both instructions were performed with closed eyes. 


Resulis. Table II, which gives the averages for the group, indi- 
. cates that there is less sway with attention directed to mental multi- 


TABLE II 
SHOWING GROUP Averages UNDER rum DIFFERENT INSTRUCTIONS 
(Eyes Closed) 
~ Attention on 
Maintaining Mental 
| ^ No. Ss Position and Strain Multiplication 
(MP, (MM) 


22 . 30.6+6.2 ` 27.82-6.9 
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plication. A study of individual cases, which &re not presented, 
shows that in 14 out of 22 cases the MM instruction results in the 
better record. Although all of our Ss directed their attention to the 
same mentel content, the results found in this experiment are sub- 
., stantially the same as those found in the preceding experiment. 


Expzement II 


In view of the results of Experiment II it seemed desirable to 
make & more intensive study of & few individuals who were fairly 
well trained psychologically and who could give us more trustworthy 
introspections. While most Se swayed less with distracted attention 
some swayed less with attention directed to the task of maintaining 
position. The question arose as to whether these differences were 
due to the fact that we had secured only a small number of records 
or whether they were indications of important individual differences. 


' Subjects. Six Ss (A, J, K, M, N, and P) were used in this study. 4 had 
had a great amount of training in this work. M had had considerable previous 
training. The other four had had 20 previous testa of bodily sway. After a few 

trials 60 records were obtained from every S, i.e. 20 records under 
every one of the 3 instructions. Six records, 2 for every instruction, were secured 
at every meeting. The order of the tests was rotated at each meeting in order 
to equalize the effecte of practice and fatigue. 

Procedure. Bodily sway was measured under 3 instructions:-(1) under the 
MP instructior, as that was defined in the previous section; (2) under the MM, 
instruction, i.e. under the distraction of easy tasks in mental multiplication 
(the multiplica ion of 2-place by 1-place digita); and (3) under the MM, instruc- . 
tion, £e. under the distraction of difficult tasks in mental multiplication (the 
multiplication ef 2-place by 2-place numbers). In all the distraction experiments 
E called out the numbers and 5 returned the answers orally as goon ag solved; 
when another problem was immediately given him. 


Results. "Table III presents the means and mean variations for 
every one of the 6 Ss. While the averages for the whole greup are- 
given we are chiefly interested in the individual averages. A-and M 
do persistently better under the MP instruction than under the 
distracted conditions. On the other hand J, K, and N do persis- 
tently better in the distracted conditions. P, alone, gives uncertain - 
results. He 3wayed less under the MP instruction than under the 
MM,, and more under the MP than under the MM,. | | 

As a further check upon the reliability of the individual differ- 

. ences we fractionated our data, as shown in Table IV. We have 
presented the mean for the first and the last xo records under every | 
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.one of the 3 instructions. If we are dealing with real and deep-seated 
individual differences here, the practice effect should not change 
matters in any material way. 


TABLE UI 
SHOWING AVERAGES FOR 6 TRAINED Ss 
Attention on 
- Maintaining E 
S ‘Position Babin Problems 
| (MP) (MMe) (MM) 
Á 20.82: 5.9 25.746.3 22.04 5.5 
J 4I.22:12.0 31.43:7.3 35.33: 7.3 
K 23.4+ 5.0 . 19.1+4.6 I8.I1- 5.5 
M 26.42:10.3 28.8:-6.6 28.3-k10.I 
N 30.42:12.3 19.523-6.9 I6.7z: 4.8 - 
P 19.2 6.1 24.02:8.5 16.8+ 5.1 
Mean 26.92: 5.93 24.8::3.88 22.92: 5.97 
TABLE IV 
SHOWING AVERAGES FOR Finer AND Last Tan RECORDE 
First ten Last ten 
S MP MM, MM, |’ MP MM, MM; 
A 20.3 23.1 19.5 21.3 28.3 ' 24.5 
J 49.6 31.8 23.1 32.7 31.0 37.5 
M 24.4 27.4 27.5 28.3 30.I 29.0 
K 24.3 22.3 18.6 . 22.5 I5.9 17.6 
N 38.3 19.3 16.6 22.5 : 18.8 16.8 
P: 20.9 19.6 I5.I - I7.5 28.4 18.4 


Let us first compare averages for the first and last ro trials for 
every S under the MP and the MM, instructions. With the single 
` exception of P all the Ss run true to form in each half of the series. 
P sways less under the MM, instruction in the first ro trials but 
the situation is just reversed in the second ro. ` 


If we compare the averages for the first and jast- ro trials for 
every S under the MP and the MM, instructions we find much the 
same thing. There are, however, two exceptions. J sways less 
under the MM, instruction in the first 10 trials, and more in the 
last ro. P sways less under the MM, instruction in the first ro 
trials, and more in the last ro. 


All in all, we believe that our data suggest that we are dealing 
with rather deep-seated individual differences, differences which per- 
gist in spite of considerable practice: Most Ss do better with attention 
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distracted but some do better with attention directed to the task of 
maintaining bodily. position. So much is clear but there yet remains 
the difficuli task of accounting for the fact that some Ss sway less 
when their attention is distracted and that others sway less when they 
attend to the task of maintaining bodily position. 

It occurred to us that the explanation of our results might be 
found in the.fact that some Ss tense their muscles more than others. 
We proceeded to study this factor in Experiments IV and V. 


EXPERIMENT IV 
The Ss in Experiment IV were given the general instruction to ` 


' attend to maintaining bodily position, and the specific instruetions 


to stand in one series of experiments with arm and leg muscles 
normally tensed, and'in the second series with muscles tensed a little 
more than normal. 

After a preliminary practice series of experiments, during which - 
the Ss adjusted themselves to the instructions, the main experiments 
were conducted. The instructions were used alternately; some Ss 
beginning with one, and some with the other. 

Two groups of Ss, college students, were used; 15 served = 
eyes open, and 14 with eyes closed. 

~- Results. The results of Experiment IV are given in Table V. 
The group averages show that the sway of the body was greater for 
both groups of Ss when the muscles were tensed. The individual 
records (not given in the table) reveal that this relation held for 14 
_of the 15 Ss who served with open eyes, and for 8 of the 14 Ss who 
served with closed eyes. - 

EXPERIMENT V 


A final bein was made with 4 trained Ss. "Twenty records 
were secured for every S under each of the instructions of Experiment 
IV. The results are summarized in Table VI. Three of these Ss 
did much better in the normally tense condition whereas one, M, 
did better in the more tense condition. 

These data indicate, we believe, that the relative tension of the 
muscles is an important factor in accounting for the differences which 
we have found between individuals in our study. The tentative 
suggestion is offered that most Ss sway more when attention is 
directed to the task of maintaining position because, in part at least, 
they tense their muscles more under that condition than when their 


+ 
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attention is distracted. Those Ss who sway more with distracted 
attention may tense their muscles more under this condition. The 
question of the relation between direction of attention and degree of 
muscle tension needs systematic investigation in which a more exact . 
and objeetive method of measuring muscle tension is used. 


TABLE V | 
Group AVERAGES WITH EYES OPEN AND CLOSED 
Muscles 
Eyes No. S8 . Normal Tensed 
Open 15 27.323-7.3 37.34%5.5 
Closed I4 35.047.6 20 897.4c—3.7 
TABLE VI 
AVERAGES FOR HiQiaHLY TRAINED Ss 
Subjects : 
Muscles A J E L M 
Normal 20.1Æ5.I 26.2-E8.2 25.7-E9.0 22.4-E6.I 
Tensed ` 26.45.7 29.845.8 28.0+8.3 19.0+5.3 
SUMMARY 


Measuring bodily sway in terms of the greatest amount of devia- 
_tion from an initial position during a unit of time (1 min.) the follow- 
ing conclusions are indicated by our data: 

(x) The majority of unpracticed Ss sway less when their attention 
is entirely distracted from the processes of codrdinating the body. A 
few sway more when attention is distracted. 


(2) Our practiced Ss are evenly divided; one group does persis- 
tently better with attention distracted from the task of codrdinating 
the body whereas the other group does better when attention is 
directed to the task of maintaining body position. 

(3) Practically all Ss, unpracticed and practiced alike, do better 
when standing with “just normal muscular tension” than when 
standing with “greater than normal tension.” 

' (4) The suggestion is offered that varying degrees of muscular 
tension, associated with the direction of attention, may be an im- 
portant factor in accounting for the individual differences which we 
have found. l 
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THE DEPENDENCE OF HYE-HAND COURDINATIONS 
UPON EYE-DOMINANCE 


By F. H. LcNp, Temple University 


Most of the literature dealing with preferential usage, or with 
dominance df one side of the body over the other, has been concerned 
with its most conspicuous feature; namely, handedness. It is to 
this form cf dominance, again, that chief consideration has been 
given in th> theories advanced to account for the genesis of body 
asymmetries. In addition tc handedness only two other forms of 
functional dominance—eyedress and veering—have been given 
serious consideration. The data and findings, as related to these 
three forms of dominance, i.e. HAHUDOANM, eyedness, and veering, 
are summarized briefly. 


Handedness. Dextrality, or virilis dina according to the earliest 
writers on the subject, characterizes 94% to 98% of the population, and sinis- 
trality, or left-handedness, 2% to 5% of the population. More recent investi- 
gators have regarded these estimates as too high for right-handedness. It is 
maintained that the very low estimate of stout 5% left-handedness is based 
solely on the more obvious dextral and sinistra: usage, and that many of the con- 
genitally sinistral (particularly the mildly sinistral) have been changed to dextral 
because this ic the more frequent, end because dextrality has the advantage in 
a world which is largely dextral. Jordan, who was one of the first to depart 
from the-earlier estimates, and the first to suggest that handedness follows 
Mendelian principles, maintained (in 1914) that right-handedness is now present 
in a ratio of 4: 1.2 Ramalay,? subsequent to Jordan’s statement, placed the 
ratio at 6:1. Von Bardeleben,‘ in 1314, gave the number of.children who have 
been changed from left-handed to right-handed as 26%. Parson,’ working from 
his data on eyedness, reaches the same conclusion, maintaining that the natively - 
right-handed and the natively left-handed ‘are probably present in the ratio of 
3:1, or tend to approximate this in accordance with Mendelian principles. As 
far as actual usage is concerned, & conservative estimate would probably place 
the distinctly right-handed at 90%, the ambiguous and ambidextrous at 570. 
and the distinc-ly left-handed at 5%. 


* Accepted for publication June 15, 1931. 


lOne of the best vj me of these theories is to be found in B. S. Parson, 


thandedness, 1 

1H. E. E Jordan Hereditary lefthandedness, J. Genet., 4, 1914, 67. 
Inheritance of lefthandedness, Amer. Nat. 47, 1914, 730. 

*K, von ven Pus ides ben, Lefthandedness, J. of Hered., 5, 1914, 312. 

ici op. cit., 99 f. 
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Eyedness. Ocular dominance, or the tendency for one eye to become the 
directing and controlling eye wherever close coórdination of eye and hand is 
required, seems first to have been recognized by Humphrey, who referred, in 
1861, to “the correspondence of function between eye and hand."* In 1881, 
LeConte stated that "people are right-eyed as well as right-handed, and left-eyed 
as well as left-handed."" Gould, who has written extensively on this subject, 
contends that “handedness depends on which is the better seeing eyo."5 Parson 
examined 877 school children for eyédness and found that while eyedness approx- 
imates the Mendelian ratio, handedness, so far as actual usage is concerned, ` 
does not. He concludes that ''to the extent that virtually all the righteyed are 
at the same time righthanded, we are justified in believing that the natively 
lefteyed, irrespective of their present manual preference, were all originally 
lefthanded."? Repeating Parson's tests, Cuff has more recently arrived at 
similar conclusions. A report of his study states that “the manoptometer indi- 
cated that 20% to 30% of the children were probably left-handed natively, and 
all were left-eyed except one case—also that 100% of the right-eyed were found 
to be right-handed.” 10 


Veering. A third form of functional dominance recently investigated is the 
tendency to veer, or to turn either right or left according to lateral bias, when 
normal orienting cues are absent. The consistency of right-veering or left-veering 
in particular individuals indicates a distinct form of dominance. According to 
Asa Schaeffer this phenomenon is not peculiar to humans. In his conclusions, 
following wide observations upon.lower forms, he states summarily that “no 
forward moving organism has been found which does not move in a spiral path 
when there are no orienting senses to guide it.” . The veering or spiralling 
tendency of humans was tested in an earlier experiment by Lund.” The resulta 
of this study indicated no close relationship between veering tendency and 
handedness, or between veering and eyedness. On the other hand, consistent 
~ veering in a given direction from intended line of movement on the part of . 
blindfolded Ss, showed a high correspondence with structural dominance on the 
side opposite to the line of deviation. Thus, those who were right-veering 
showed more frequent structural dominance of the left side, and vice versa. 
Right-veering, indicating left-dommance, was more frequent than left-veering. 
This greater frequency of left-dominance is paralleled by more frequent struc- 
tural dominance (greater length) of the left leg. Most of the subjects with longer 
left leg were found to have a longer right arm. This fact of ‘crossed symmetry’ 


“i. M. Humphrey; The Human Hand and the Human Foot, 1861, 8 

1J. LeConte, Sight, 1881, 107. 

*G. M. Gould, Right-Handedness and Left-Handedness, 1908, 98. 

Parson, op. cit., 114. 

WN. B. Cuff, from a re on the 25th annual meeting of the Southern 
Society for Philosophy and Psychology, this JOURNAL, 42, 1930, 459-460. 

m Schaeffer, Spiral movements in man, J. Morph. and Physiol., 45, 1928, 
297 ff. 
BF, H. Lund, Physical asymmetries and disorientation, this JOURNAL, 42, 
1930, 51-62. 
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(longer arm cn one side coupled with longer leg on the other) has been reported 
by Hasse and Dehner,? and by Guldberg.'* 

That structural and functional dominance do not necessarily go together 
may be seen from the fact that, despite greater frequency of structural dominance ` 
of the left leg, most people are, nevertheless, right-footed, and from the fact 
that functional dominance of the right eye does not always mean that this eye 
is structurally superior to the left. 

PROBLEM : 

The purpose of the present investigation was to secure further 
data upon the nature and interrelation of dominant traits. The two 
forms of dominance especially under consideration were those of 
handedness and eyedness. To determine the interdependence of 
these under actual test conditions seemed desirable, particularly in 
view of the cause and effect relationship which is said to exist be- 
tween them. Before proceeding to a more precise statement of the 
problem it will be necessary to consider briefly some of the more 
pertinent’ physiological data relating to eye and hand adjustments. 

Man's vision is, in the main, binocular. It is binocular particu- 
larly in adjustments to distance, to shape, and to form. It is monocu- 
lar in adjustments to objects seen in indirect vision. In most of 
the lower biological forms, on the other hand, vision is distinctly 
monocular, since the eyes are so far apart and the visual axes so 
divergent that there can be no common field of view for the two eyes. 
In such cases the eye on the right side controls the movements of 
the right side of the body, and she eye on the left controls the move- 
ments on the left side. “This harmony of function,” says Parson, 
“survives in man at least to the extent that righteyedness accom- 
panies righthandedness, and lefteyedness accompanies lefthandedness. 
... With these facts in mind we are prepgred to learn from pathology 
that the all-important motors c2nters for the hand and arm and for 
some of the more expert visual operations on the preferred side lie 
close together in the left hemisphere for the righthanded, and in the - 
right hemisphere for the lefthanded."!5 This grouping of faculties 
in one hemisphere would seem to be true for handedness, eyedness, - 
and for written.and spoken speech. t. 

From the above we see that eye-dominance is closely linked with ` 
monocular space perception anc with the general problem of sided- 


uC. Hasse and M. Dehner, Unsere Truppen in kórperliche Beziehung, Arch. 
f. Anat. u. Entwicklungagesch., 16, 1893, 249-256. (^ 

“G. A. Guldberg, Über die morphologische und functionelle Asymmerie der 
Gliedmassen beim Menscher und bei den hoheren Vertebraten, Biol. Centralbl., 
16, 1896, 806-812. 

“Parson, op. cit., 22. á 
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ness. {pace perception, we have noticed, is monocular in the case 
of all odjects seen indirectly, for the reason that such objects will 
appear double when viewed with both eyes. Accordingly, adjust- 
ments $o these objects are guided by one eye only, the dominant 
eye. Particularly is this true in the case of eye-hand adjustments 
calling Zor close coórdination. In this event it is the hand that is 
seen indirectly, since the eyes are trained upon the point of adjust- 
ment rether than upon the adjusting member. That the directing 
and controlling eye should be on the same side as the controlling 
membe- would seem to be in the interest of efficiency. 

But now might it not be well to determine just how far these 
general facts of monocularity enter into specific adjustments, and, 
also, how far efficiency will be impaired if the so-called‘ natural 
groupirg of faculties’ is broken up by placing the individual in the 
position where he must use the non-dominant eye to guide the 
dominent hand? It was to test this general proposition that the 
experinent herein described was undertaken. . 


Mxnaruop AND Procepurs 


Since the familiar aiming test or target test conforms with all the requirements 
of precize eye-hand coérdinations, it was introduced as a measure of the phenom- 
enon urder consideration. The target blank (see Fig. 1) was fastened to the 
wall at = height corresponding to the S’s shoulder. S was placed with his shoulder 
Squarel- in front of the target, and at such a distance that his pencil would just 
strike tae target when his arm was fully extended. He was told to strike in time’ 
with ths beat of a metronome (set to beat go times per min.), following a two- 
beat rhythm, so that the pencil would hit the target at one beat and would be 
drawn 5ack at the next. He was advised to make full, smooth strokes, bringing 
the hard clear back to the shoulder each time. The crosses were struck at suc- 
ceasive-y and in the order indicated by the numbers in Fig. 1. 

Every S was given 9 tests: 3 with both eyes open; 3 with the right covered 
by meens of a small conically shaped cap; and 3 with the left eye similarly cov- 
ered. Following the target tests every S was tested for eyedness, using as a 
measume the monoptometer, a full description of which is given in a previous 
article. l i 

Of the 247 Ss used in the experiment, 128 were juniors or seniors in high 
school, and 199 were college students. In analyzing the data the Ss were grouped 
_ accord ng to handedness and eyedness as Tight-eyed dextrals,' left-eyed sinistrals,’ 
‘right~syed sinistrals,’ ‘left-eyed dextrals,’ and ‘binocular and ambiguous.’ 

"Land, The monoptometer: A new device for measuring eye-dominance, this 
JOURMAL, 44, 1932, 181 ff. 
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RESULTS ` 


The scores for the various groups are shown in Table I. They 
represent the average errors made on the target test (1) when using 
both eyes. (2) when using the dominant eye, the non-dominant 
being covered, and (3) when using the non-dominant eye, the domi- 
nant being sovered. These scores wera arrived at in the following 
a The total amount of mm. deviations from the point aimed 
at in "ten successive thrusts was first determined for each S. Then 


$ T 


4 


4 


Fia. i. Tun TARGET BLANK 
— (Actual Size) 


the average record for every S in the three types of test was dater- 
mined. From. these averages a grand average for all Ss belonging to 
.& particular group was calculated for each type of test. Thus, it 
will be clear that in the case of the scores entered in Table I a high 
number really indicates a poor -ecord, since this number represents 
the total amcunt of deviation (measured in mm.) in ro successive 
thrusts. 

The resulta are interesting in several respects. First, in the fact 
that the best scores are made with both eyes open—this, despite the 
contention that we are in effect one-eyed in such adjustments and 
that the non-dominant eye really acts as an interference. The 
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second point of interest is the decided and consistent advantage 
which the dominant eye—irrespective as to whether it is the right 
or the left—has over the non-dominant eye in the case of the unmixed . 
groups, that is, the right-eyed dextrals and the left-eyed sinistrals. 
Third, this advantage of the dominant eye over the non-dominant 
is not epparent in the case of the left-eyed dextrals, which is a mixed 
group. 
TABLE I 


SHOWING THE RESULTS or THE TARGET OR Among TEST AND THE RELATION 
WnicH Truss BEAR TO EYEDNESS AND HANDEDNESS 


Eye used 
Classification Percent Both . Dominant — Non-dominant 


Score. PE. Score .P.E. Score P.E. 
Right-eyed dextrals ^ 69.1° 55.1 I.9 61.2 2.2 67.1 2.4 
Left-eyed sinistrals 4.2 55.4 2.0 59.6 1.9 62.2 2.0 
Right-eyed sinistrals 8 56.2 60.9 63.1 

Left-eyad dextrals 21.1 55.0 1.8 61.7 2.7 61.9 3.1 


amb guous 4.7 59.7 2.6 69.5 - 3.2 67.5%: 3.3 
(right) (left) 


In general, then, there can be no doubt about the fact of domi- 
nance It is just as apparent from these tests of efficiency in actual 
eye-hand adjustments, as it is in the case. of the monoptometer tests. 
But i; must be equally apparent (1) that we are binocular as well as 
mono2ular even in so simple an adjustment as the one under con- 
sideretion, and (2) that highest efficiency is achieved when the two 
forms of vision are permitted to codperate, as they apparently do in 
such situations. It would probably be futile to try to single out 
the aspects of the perceptual process which are binocular and the 
ones which are monocular, but it-is likely thatina particular situation 
such as the one represented in the aiming test, binocular vision 
functions chiefly in Judging distance, and monocular vision in guiding 
the movements of the hand or objects seen.in indirect vision. In 
any event, it would be safe to conclude that there are probably very 
few X any adjustments of this type which do not involve both types 
of vision. It would appear equally certain that the-use of both eyes 
under these conditions has the advantage. There was not a single 
subject for whom this was not true. 

The advantage of the dominant eye over the non-dominant eye, 
whil» quite definite and decided when averages are considered, did 


r 
~ 
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not always hold for individual cases. About one out of every four 
showed a margin of superiority in favor of the non-dominánt eye. 


` With a larger number of tests for such subjects this advantage might 


be reversed. In the case of the left-eyed dextrals the non-dominant 
eye yielded the better score in almost as many cases as the dominant 


eye. This would seem to indicate that the right eye, though not the 
‘dominant eye in the case of these subjects, has nevertheless been 


brought more into use than might otherwise have been thé case, 
since it is the nearer eye so far as the functionally dominant hand is . 
concerned. ‘The data in this case point ane to the advantage 
of consistent lateralism. 


SUMMARY 

The results of the target test, while Bippen the ponori fact 
of ocular dominance as indicated by monoptoscopic tests, do not 
support the theory that vision is distinctly monocular in all adjust- 
ments calling for high precision of eye and hand, or requiring that the 
coérdinating member be guided through indirect vision. "Tha; the 
dominant eye plays a more important réle than the non-dominant : 
is evident from the fact that the scores made with the dominant eye 
(the non-dominant being covered) were better than those for the © 


non-dominant eye. This was true irrespective of which eye was `. 


dominant. ‘That binocular as well as monocular vision enters into 
eye-hand adjustments of this type is apparent from the fact that the 
best scores were made when both eyes were in use. Thus, ocular 
dominance is not the simple phenomenon it would at first seem to be. 
It is likely that we are not distinctly binocular or monocular with 
respect to any function. .That the left-eyed dextrals should have 
made about equally good scores with the non-dominant as with the 
dominant eye is interesting in that it indicates that the shift- from 
congenital left-handedness to trained right-handedness results in 
greater training of the right eye—on account of its advantage of 
position—than might otherwise be the case. 


PRIMACY AND RECENCY IN THE LEARNING OF 
VISUAL DIAGRAMS 


' By LznAND W. Crarrs, New York University 

The object of the present experiment was to discover whether 
primacy and recency—-terms referring solely to the temporal position 
of members of a series—would have significance in the learning of 
certain visual diagrams. The experimental literature relevant to 
primacy and recency is large and covers a wide range and variety 
of material. The present investigation differs from previous experi- 
ments n several respects. It dilers from the great majority of the 
earlier studies in employing perceptual material instead of verbal 
or motor. It differs from the experiments dealing with perceptual 
materials in that the series to be learned consisted of the successive 
parts cf a single diagram rather than sequences in which every mem- 
ber wes a separate and distinct unit. It differs from all previous 
studies, in so far as the writer is aware, in having the Ss graphically 
reprod_ice the materials presented. In brief, the present experiment 
differs from those that have gone before in both the nature and the 
treatrrent of the material used. 

It =, we believe, of importance to see whether current generaliza- 
tions =s to the factors of influence in learning may be extended to 
new smuations and new types of material. If they can be, then they 
gain ia certainty and range of application; if they cannot be, then 
some zort of amendment or qualification is of course suggested. 


PROGRDURE 


SuLiecis. The Ss were members of 8 classes in elementary Sarandon. The : 
total number used was 324. 

Materials. The materials for learning were visual diagrams identical with 
those used in a previous experiment and described in detail in an earlier number 
of this Jovrnnan.! It may, therefore, suffice here to say that they were: (1) Six- 
teen creles arranged as irregularly as possible and occupying 16 of 64 small 
squares into which a large square had been divided. (2) Sixteen separate, unre- 
lated ines, diagonal, horizontal and vertical, also arranged as irregularly as 


*Accepted for publication July 17, 1931. 
IT, W. Crafts, Whole and part methods with visual spatial material, this 
JOURMAL, 44, 1932, + 527-528 
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possible and connecting 32 of 49 pointe, the latter &ll equidistant from each other. 
(3) A single, complete figure, conrposed of 16 lines also connecting 32 of 49 
equidistant points and made as irregular and asymmetrical as possible. An 
equal number, namely 4, of circles, unrelated lines, or lines that were elaments 
of a figure was allotted to every quazter of every diagram. By ‘quarter’ is meant 
the quarters that would be formed if a diagram were bisected horizontally and 
vertically by two lines at right angies to each other. These quarters will here- 
after be called ‘parts’ and will be separately identified as follows: The upper left 
quarter will be called Part A, the upper right Part B, the lower right Part C, 
and the lower left Part D. An effort was made to have all four quarters about 
equal in difficulty. 

Presentation. The material was diclased in the manner described in the 
earlier experiment referred to above. Rotation of a large sheet of cerdboard, 
from which an area had been cut of a size such as would show only a quarter of 
the diagram at a time, made possible the exposure of every part separately for 
the predetermined period. 

The exposure times for the various materials were as follows: circles, 23 sec.. 
per quarter; lines, 30 8ec.; and figures, 10 seo. These times permitted only partial 
learning for a majority of the Ss. The presentation was continuous, i.e. there 
was ro interval whatsoever between the exposure of any two successive parta. 

Rotation of parts. In order to eiminate the varying difficulty of the parta 
as & disturbing factor, every diagram was shown to at leest four different groups 
of Ss. To one of these, hereafter called Group 1, Part A was presented first, . 
then Parts B, C, and D in that order. For Group 2 the order was Parts B, C, 


e D, and-A. For Group 3, it was Parts C, D, A, and B; and for Group 4 it was 


D, A, B, and C. Hence every one of the four parts occupied once every one of 
the four possible temporal pósitions in the series of parts. The presentation, it - 
should be noted, was always in a clockwise direction. 

Reproduction and scoring. The Ss received blank copies of the diagrams 
and instruction sheets briefly describing the nature of the material and the pro- 
cedure to be followed. They were also informed as to the order in which the 
parta would be shown. When all four parts had been présented, the Sa imme- 
. diately reproduced what they could of the diagram. They were allowed about 
3 min. to make the reproduction. Every correct detail was scored 1. No partial 
credits were given. | 

RESULTS 

_ Theresultsaregivenin Table I. The part presented first to a group 
is called Part 1, regardless of whether it was Part A, B, C, or D; 
similarly the parts presented second, third, and fourth or last are 
called Parts 2, 3, and 4 respectively. The letters in parentheses 
beside the averages. show which quarter every part was. N was 
‘corrected’ by eliminating all Ss who mede the perfect score of 16 
on the whole diagram, for obvicusly such scores do not permit any 
differential learning of the various parts tc panow itself. The averages 
given are for the corrected N only. 
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Inspection of Table I shows that every group made higher scores 
on Par-s 1 and 4 than on Parts 2 and 3 except as follows: with Lines, 
Group 2; with Figure 1, Groups 1, 3 and 4; with Figure 2, Group 4. 
The numerous exceptions obtained with Figure r are due obviously 


E em TABLE I | 
GIVING THE AVBRAGE Scores BY PARTS, AND FOR THE WHOLD DIAGRAM, FOR ALL 
GROUPS AND ALL MATERIALS 


l Part Whole 

Group Original Corrected 1 2. 3 4 Diagram 
N. N 

I 37 29  3.3( - 3.0(B) 2.60 3.1) 12.0 

à 2 48 33 3:68 — 3.40)  2.5Œ@)  3.5() 13.0 

E 3 38 34  3.3(0 — 2.40)  3.0()  3.5( 12.2 

4 47 28 863.0) :/2.8(  2.9(B) 3.8(A) 12.5 

AL 170 124 3.30 2.90 2.75 3.48 12.43 

I 36 35 2.2(A)  r.s(B)  r.5(€0  2.5Œ@) 7.7 

-2 45 39  2.3(B)  2.;(0  22.8(D  Á2.;(À  10o.s 

E ki -36 35 2.71%) 2.20)  a.4(4)  2.8(B) gjor 

4 46 4&4  8.1(D) 2.1(4)  2.2(B  3.2(€0  J ro.6 

Al 163 153 2.58 2.13 2.23 2.80 9.73 

I 34 30 3.4)  a.1(B)  rs(0) r40D) —84 

2 41 33  3.9(8)  r.9(O. 1.8) 3.7(A4) 104 

E c 35 31. 2.1(0. r.5(D)  Á 3.2()  2.a(B) 9.0 

i e. 46 - 37 ^ 2.3@) 2.5(A) 2.2(B) 1.8(C) 8.8 

Ail I56 I3I 2.70 2.00 2.18 2.28 ` 9.15 

I- 43 43 1.70  r.1(089)  0.9(0  — r.3(D) 5.0 

D 3 44 44. 1509)  ra3(0)  ra30) r4) 5,585 

5 3 30 30  r.5(O  1.3(@)}) o.g(4)  1.4(B) 5-1 

l + 37 37  r40), r.3(  1.2(B)  1.2(0) 5.1 

all I54 : I54  .I.53 1.25 I.08 I.33 5.18 


. to the fact that Part A was much the easiest of the four parts; every 
group secured its highest score on that part regardless of the temporal 
posicion in which it was shown. For this reason Figure 2 with parts 
mors nearly equal in difficulty was devised and shown to four new 
groups entirely without experience in learning these diagrams. 
With this figure all groups except Group 4 made their highest score 
on Parts 1 and 4. 

The average scores for all groups combined show that without 
exception with all materials the scores made on Parts 1 and 4 were 
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higher than those made on Parts 2 and 3. With the Circles and the 
Lines, the score on Part 4 was slightly higher than that on Part 1; 
with both figures, however, Part 1 obtained the higher score. : 

Since the differences between the scores on the various parts were 
necessarily slight, it seemed to the writer preferable not to cotapute 
their S.D. but rather to depend upon the consistency and unifozmity 
of the resulta for indieation of their yu 


wm 


. DECRG 

The results show that primacy and recency were significant in 
the learning of the material employed in the sense that the parts 
presented first and last were better learned than those presented in 
the two intermediate temporal positions. For recency to have such 
value is a finding too familiar to require further comment here. 
As to the value here indicated for primacy, our results are in harmony 
with those of Robinson and Brown, Jenkins and Dallenbach,? 
Sauer,‘ and Willoughby," and in opposition to those of Thorndike,® 
and Burnett end Welch.” In connection with the question as to its 
significance, Burnett and Welch, summarizing the results of their 
experiment with unpronounceable nonsense syllables, write as fcl- 
lows: “There was good reason to regard Primacy as a factor in asso- 
ciation until experimental control was obtained over the O’s tendency 
to ‘think backward’ during the exposure of a series to be remembered. 
When this terdency was prevented, by the coóperation of the O, 
the alleged effect of primacy disappeared."? In the present experi- 
ment, however, it seems probable that the nature of the material, 
the continuity of the presentation and the immediacy of the repro- 
' duction must have prevented much if not all of any such thinking 
backward. Hence the value of primacy here indicated is probably 


3E. S. Robinson and M. A. Brown, Effect of serial position upon memoriza- 
tion, this JouRNAL, 37, 1926, ee ; 

^J. G. Jenkirs and K. M. Dallenbach, The effect of serial position upon 
recall, tbid., 38, 1027, 285-291. 

4F. M. Sauer, The relative variability of nonsense syllables and words, 
J. Exper. Psychol, 13, 1930, 235-246. 

‘R. R. Willoughby, Incidental Learring, J. Educ. Psychol., 20, 1929, 671-682. 

" *E. L. Thorndike, The influence of primacy, J. Exper. Psychol., 10, 1927, 

18~29. 

'C. T. Burnet; and G. B. Welch, Ia primacy a factor in association-forma- 
tion?, this JOURNAL, 35, 1924, 396-401. 

5] bid., 401. 


PRIMACY AND RECENCY IN LEARNING 767 


- 


not so explainable, but is perhaps due rather to an ‘initial set’ towards 
‘the first member of a series as Jenkins and Dallenbach suggest,? or 
to the sbsence of ‘proactive inhibition’ as Foucault believes.'° 


~ 


SUMMARY _ 

The purpose of the experiment was to discover whether primacy 
and recency would have significance in the learning of certain visual 
diagrams. Irregular arrangements of circles and of lines and irregular 
figures were divided into four parts. These parts were presented 
once, ir a continuous series; immediate graphic reproduction followed. 
The fastor of the varying difficulty of the parts was controlled by 
employing a number of groups sufficient to permit every part to be 
shown in every one of the four possible temporal positions. The 
results show that with no important exceptions the groups secured 
higher average scores on the parts presented first and last than they 
did on those occupying the two intermediate positions. Hence the 
significance not only of recency but of primacy as well for the learning 
of this visual material under the experimental conditions here em- 
ployed seems to have been demonstrated, and the scope of the current 
genera izations concerning their value may to this degree be extended. 

*Jemkins and Dallenbach, loc. cit. 


1M. Foucault, Lea inhibitions internes de fixation, Année psychol., 29, 1928, 
` 92-112. 


THE SIGNIFICANCE OF EARLY PERSONAL HISTORY FOR CERTAIN 
PERSONALITY TRAITS . 


By Cares K. A. Wana, University of Chicago 


The purpose of this investigation is to make an exploratory study of the sig- 
nificance of selected items of fact in one’s early personal history for certain of 
his personality traits. It is an attempt to answer the question, “What facts in . 
& person's early life are significant in the formation of some of his personality 
traits?” In dcing co, we are interested not so much in individual cases as in the 
group differences of the various personality classifications. 

For information on early personal history a special questionary was prepared. 
No attempt wes made to have it exhaustive; care was taken, however, to include 
principally items which could be answered with a minimum of subjective judg- 
ment. 

Ns information x the personality traits, the following tesis were 

(1) Allport’s Ascendance-Submission Test;* (2) Freyd's Test of Introver- 
pin ane iei (3) Mose's Test of Social Intelligence, (4) Pressey'a a 
Test of Emotionality,* and (5) Otis's Test of Suggestibility.® 

Nearly - 600 undergraduate students in the University of Chicago provided . 
data. After eliminating those whose records ware incomplete and those over 25 
yr. of age, a total of 358 cases, 203 men and 155 women, remained which were 
used as the basis of this study. 

The Otis test of suggestibility was given to the Ss during one of their elass 
periods. The cther tests, together with thé personal history questionary, were 
permitted to be filled out at home without suparvision, and returned later. 

Personality traits. For the sake of economy of space, the distributions of 
raw scores on the 5 personality tests are not here presented. It was found, how- 
ever, that in most cases our central ~endencies differed considerably fram those 
given by the respective authors for comparable groups, i.e. for college students. 
Table I gives a comparison of the median scores for our Ss and those given by 
the respective authors. 

“Accepted for pun. J PE I, Lor 

per is abbrevieted octoral dissertation which is on fila, under 
similar title, in the University of of Chicago Library. For a copy of the questionary 
used in this study and for & detailed presentation of the data, the reader is re- 
ier to the thesis which may be boroned under the usual sehr of library 
The writer is indebted to Professor F. A. Kingsb esting 
the tho problem anc f and ah advice and criticism during the progress o i ape 
A test for ascendance-submission, J. Abn. & Soc. Prou. 


I 
TÉ and extroverts, Psychol. Rev., 31, 1924, 74-87; 
4p, ran e and T. Hunt, Ability to get UE with others, Indust. Psychol., 


I, vt 0-178. 

L Cremer end O: R. Chambers, First revision of a group scale designed for 
irai the emotions, with tentative norms, J. Appl. Psychol,-4, 1920, 
ae M. Otis, A study of suggestibility” of children. Arch. ERU; II, I924, 
-~ (no. 70), 67-93. 
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It is rot easy to explain all the discrepancies between our group and those 
of the diferent authors. In the cases of the ascendance-submission and intro- 
version-e-traversion tests, the differences are not so notable. On Pressey’s test 
of emoticnality, where the discrepancy is the greatest, it may perhaps be ex- 
plained in several ways: first, Pressey’s norms were obtained about 10 years 
before ours, and soeial attitudes about what is right and wrong, pleasant and 
unpleasamt, may have changed sufficiently to affect the scores on his test; secondly, 
Pressey’s group was presumably from smaller cities and rural districts, whereas 


TABLE I 
COMPARISON OF MEDIAN Sconga or COLLEGE STUDENTS ON FIve PERSONALITY 


Test -> This Study . Authorg’ Norms 
No. Ss Median No. Ss Median 
men) 203 | — 0.55 727 ` 0.00 
Allport «-8 (women) -155 ' 13.25 120 15.40 
total) 458 847 
men) 203 —11.23 100 -—II.4I 
Freyd 1-E* (women) I55 — 16.30 100 —I1.12 
total) 358 . —10.85 
men) 203 166.10 56 , 
Pressey X-O (women) 155 171.36 58 
; total) : 358 - - 167.05. Il4 230 
men) 203 119.74 109 
Moss Scc. Int. (momen) a. 155 123.02 115 
total) 358 121.48 I217 III 
men) ^ 208 ^ 74.15 
Otis Suz. (women) I55 — 72.20 
total) 358 73.50 83 83.26 


*Fo- comparison see E. Heidbreder, Measuring introversion and extraversion, 
J. Abn. & Soc. Psychol., 21, 1926, 120-138. 


ours ar preponderantly of urban background; thirdly, Preasey’s norms were 
based cn only 114 cases, whereas we have 358. On a test whose total score may 
range tneoretically from zero to 500, and empirically from 45 to 339, 114 cases 
are sca-cely enough to establish reliable norms. 

On Moss’s social intelligence test, the discrepancy may be partly accounted 
for by the difference in administering the test, since our Ss were allowed to fill 
in the blanks at home. 

On the Otis test of suggestibility a very marked difference in the central 
tendensy exists between our group and Otis’s standardisation group. No explana- 
tion seams available, and a search for other reporta on the. test yielded nothing. 

In an effort to discover the interrelations among the personality traits as 
measu-ed by the tests, coefficients of correlation were computed for each test 
with every other. Ther are presented in Table IT. It will be noticed that there 
is som» difference between r for the same traits in men and in women, with the 
single exception of that between suggestibility and introversion-extraversion. 
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In all but twe cases, the r betweer. the tests for men are higher than those for 
women. Also, most of the r are extremely low, except the one between ascen- 
dance-submiesion and introversion-extraversion for men (—0.51), and the one . 
- between emot.onal:ty and introversion-extraversion for women (0.31). It must 
be -admitted that ell these r prove little, since little is known positively about 
the validity o^ the testa. Thus whatever findings may result from our :nvesti- 
. gation will alxays be subject to this limitation: 


TABLE II 
INTDRCORRELATIONS BETWEEN THE Five PERSONALITY TESTS. 
Test (A-5) (I-E) - (X-0) (S-I) 
I-E (men) — .51.03 
I-E (women) — .19+.05 
X-O (men). -—. 17+ .08 .20:5.04 
X-O (women) — .10+.05 .312k,05 
Soc. Int. (mer; 00.05 Uk.0§ — —.21:5.04 i 
Soc. Int. (woman) 16+ .05 .0125.08 — 064.05 
Sug. (men) -.I54.05  —.I0Æ+.05 —~.20+.04  .22+.04 
Sug. (women) . — 042.05 —.07:5.05 -—.034:.05 .13:kE.05 


Early perscr.al history. The questionary on early personal history congsta of 
48 questions, grouped into 5 parts according to the type of instructions necessary 
and to the chroaological reference of the questions. 

Part I asked for information as to the number of siblings in S’s family, his 

own position among them, and the number of step- or foster-brothers and sisters. 

Part II asked for father’s and mother's age at S’s birth; in case either parent 
were dead at the time of answering the questionary, the age of S at the time 
of the death; in case the parents were divorced, S's age at that time; ani the 
person with wkom ne lived afterwards; age at re-marriage of either parent; 
other adults living in the: home before S was 6 yr. old; father’s occupstion; 
physical defects of S, their cause and the age at which they were acquired; time 
spent at kindergarten; age at beginning grade school; number of grades skipped 
or repeated; years neaded to finish high school; number of teachers, and favorite 
and most disliked subjects in high school. 

Part III refecred to the period from birth to 7 yr. old. It asked whether the 
mother had be22 an active business or professional woman; how S had been 
disciplined by his father and by his mother; how much freedom his parents 
allowed him; what was the type of religious surroundings at the home; the con- 
dition of S’s health, the predominating type of play, opportunities for companion- 
ship with children of his own age, and for travel. 

Part IV referzed to the period between 7 and 12 yz. of age. It dealt with the 

extent to which S read for pleasure, participated in games at school, attended 
religious meetings, and had companionship with children of his own age; the 
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nature of his relationship with such other children (e.g. whether admired or 
teased); tbe extent to which he partook of social amusements; the source of his 
spending noney, and the kind of school he attended. 

Part V referred to the period from 12 to 16 yr. of age. It dealt with the 
extent to which S indulged in reading outside of school requirements, and the 
nature of such reading; the extent of his participation in school games, and in 
religious activities; the extent of his accuaintances and friends of the same sex, 
and of the opposite sex; the nature of his relationship with schoolmates or play- 
mates; tha types of amusement most indulged in, and the extent to which S 

worked fcr pay. 

In takulating answers to the questionary it was deemed necessary to group 
certain ores into convenient categories, or classes. For example, the occupation 
of the fa-her is grouped under: (1) executive, (2) professional, (3) merchant- 
salesman, (4) clerk-labor, and (5) farmer; the ages of the parents at time of S’s 
birth are grouped into: (1) under 25, (2) 26 to 30, (3) 41 to 35, and (4) 36 or 
over; anc so on for other questions. Ater thus grouping the answers to certain 
questione, the total number of answer-variables used in tabulating the results 
was reduced to 208. The tabulation was based wholly on frequency, and no 
effort waa made to evaluate or rate any of the answers in any other respect. A 
.frequenc- distribution of the answers by all the Ss to the complete questionary 
is not presented here because the table would contain facts which are mainly 
of sociolcgical and educational rather than of psychological value. 


RxosurTS 


(1) Drona history vs. ascendance-submission. In considering the relation- 
ship between early personal history and personality traits our method was to 
trace from the differences in the personality traits to the corresponding differences 
in the ezrly history variables. To do so we needed simply to differentiate the 
highest znd lowest groups with reference to each personality trait, and to ascer- 
tain the corresponding group differences, if any, in the responses to the early 
personal history questionary. Thus, in showing the relationship between the ` 
early history and ascendance-submission, we selected the highest and lowest 
20% of men on the A-S test, (repeating the process for women) and compared 
the frecuencies of the responses of each group to each of the questions in the 
early personal history. Only those answer-variables whose total frequency was 
over 10.and for which one group was more than twice as large as the contrasted 
group were considered significant. Most promising for the differentiation of 
ascendemce and submission are such facts in the early history as the following: 
For ascendance. ` 


Reading omnivorously hoe pleasure (men: 23 A, 13 8; women: 21 A, I2 
C a in games at every opportunity (men: 18 A, IO 8; women: 18 


Being admired by associates (men: 24 A, 4 8; women: 18 A, 4 8). 
For salad 


Favori guages-in high school (men: 1 A, 9 8; women: 6 A, 16 8). 
Bening Me d USE dship with own sex-(men: I A, 10 S; women: 2 A, 11 S). 


: Personal history os. iniroversion-exiraversion. Inasmuch as the same test 
of intr=version-extraversion and the same questionary on early personal history 
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were used fcr bozh sexes, we are able here to consider the relationship between 
the trait and the history jointly as well as separately for the two sexes. 

The variables which seém particularly promising for differentiating introver- 
sion-extraversion are the following: 


For S ed igi iius js G81 
aving no, or just one or two, playmates (18 I, 3 E). 

Tadaler in social amusements Se wha urged e 1,3 E 
Practically never Daug in £ociei amusements (10 I, 2 E). 
Participating in games only when asked, or practically never (25 I, 2 E). 
Having only a few intimate friends among own sex (20 I; 2 E). 
Having practically no friends among ga sex (25 I, 6 E). 
Going to showa alone for recreation (23 I, 8 E). - 


- 


- 


For extraversion. : 
Be ace per lar do 
cipa in games at every opportunity (ro I, 27 E). 
Being admired by associates (6 I, 15 E). l 


The variables of particular value in differentiating I-E in women are: 


“No consistent effort" in discipline by mother (10 I, 2 E). 
“Few kincs" of religious participation (17 I, 5 E). ; 


The source of spending money in early boyhood seemed an important indi- 
cator in differentigting I-E in men, as the following results show: 


Worked at home for spending money (3 I, 10 E). 
Had a regular allowance (5 I, 12 E). 
Had an irragular allowance (21 I, 7 E). 


(S) Ascendance-submiseton vs. Sniropersion-exiraversion. It will be recalled 
that by far the highest r in the table of intercorrelations among personality traits 
is that between ascendance-submiszion and introversion-extraversicn for men, 
the r being — 2.51. It will be interoeting, therefore, to see how many ani what 
early history variables function in common between I-E and A-8 in the direction 
that supports this zorrelation.: They are as follows: 


father’s age at S’s birth, 36 years or over (14 submissives, 16 introverts, 5 ascen- 
darts, 7 exiraverta); ms ] 
favoring languages in high school (3 submissives, 10 introverts, I ascendant, 3 
extraverta); í 
participation in games at every opportunity between 7-12 yr. of age (10 sub- 
missives, Iz Introverts, I8 ascendants, 20 extraverts), between 12-26 (15 
ascendants, 17 extraverte, 4 submissives, 6 introverts); : 
admired by playmates in period from 7—12-yr. of age (18 ascendanta, 16 extreverta, 
8 submissiv2s, 8 introverte), from 12-16 (24 ascendante, 18 extraverts, 4 sub- 
` missives, 3 mtroverts); 
only a few intimates of own sex in period from 12—16.yr. of age (10 submissives, 
14 introverts, 1 ascendant, 2 extraverta); : a 
no friends of opposite sex when in period from 12-16 yr. of age (16 submissives, 
17 introverta, 7 ascendants, 4 extraverts); 
ishing high school in less than 3 years (7 ascendants, 5 extraverts, c sub- 
missives, I introvert); f 
going to parties in period from 12-16 yr. of age (18 ascendants, 15 exiraverta, 5 
submissives, 6 introverta). 


(4) Personcl history vs. social intelligence. In considering the relationship 
between early persoral history and social intelligence, as measured by the Moss 
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test, attention may be called to two points. First, it is questionable whether 
social intelligence is a personality trait in the same sense that the other four . 
tests implr. Disregarding what an acceptable definition of social intelligence 
might be, i; seems clear, from the content of the Moss test, that what it measures 
is a certain kind of knowledge or ability rather than a characteristic mode of 
behavior.. Secondly, if the above statement is true, then a certain consistent 
relationship is to be expected between the test-score and early history, since 
social inteligence is a product of the social environment and training that con- 
stitute a Ege part of the early personal history. Thus any relation we may 
find between the history and the test-seore would be no discovery, but can be 
considerec merely as a confirmation of the effects of learning or habit formation. 
It is interasting, nevertheless, to list the early history variables on which those 
who scored high on Moss's social intelligence test seem to differ significantly 
from thoss who scored low. 

Only = = or 6 answer-variables seem to differentiate ‘social intelligence’ for both 
sexes in the same direction. It is difficult logically to account for this sex-differ- 
ence. Furthermore, many of the answer-variables do not show as clean-cut 
differentistion as those obtained in the case of ascendence-submission or that of 
introversion-extraversion. The only variables to which especial attention need 
be directed are the following: 


For men: 

Fifteen of those ha RS no friends among the opposité sex have a high score 
and 4 a low score in intelligence; 11 oi those studyi ying art and music have 
- & high score and 3 & low score in social intelligence; 7 of those participating in 
games at i opportunity tend to heve a high score and 18 a low score. 


For women 


Fifteen. women who skipped 2 Apacs or A have a high score, 5 a low 
score; 1= who read omnivorously for p have a | high score and 4 & low 
score; 

For both: 


Severteen men and women vii never travelled have low scores, 7 high - 
Scores; aad 17 men and women who played solitary games for recreation have 
high 8COROS, and 4 have low scores. 


(6) Personal history vs. emotionality. Only one answer-variable, namely 
"many Einds of religious participation,” seems to be significant for emotionality 
as measured by the Pressey X-O Test. Twenty-four men whose religious atmos- 
phere in childhood was conservative made-a high emotionality score, and 12 a 
low one. Taking men and women together, 13 who “practically never’’ partici- 
pated.ir religious activities during adolescence made high emotionality scores, 
while 2z made low ones. 

(6) Personal history vs. suggesttbility. Of the Sa, one or both of whose parents 
were under 25 yr. of age at the time of S’s birth, 38 showed a high degree of sug- 
gestibilizy and 19 a low. The direction of this result is reversed for Sa born of 
older perents. Of the Ss who, between the ages of 7-12 yr., participated in games 
at ever: opportunity, 12 made high scores in suggestibility and 29 made low. 
Of-thoss who, during the 7-12 yr. age-period, participated in games only when 
asked, 3 made high scores and 5 low; and of those who, during the 12-16 yr. 
age-per-od, participated only when asked, 17 made high scores and 7 low. 
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SuMMARY AND CONCLUSIONS ' _ 

The major results of this study may be summarized as follows: 

(1): The answer-variables most significant for ascendance. are: reading 
omnivorously for pleasure, and participating in games at every opportunity. 
For submission: favoring languages in high school, reading very little iua easure, 
and having limited companionship. 

(2) Bignificant for introversion may be mentioned such items as having: 
few playmates as « child, indulging in few social amusements, participating 
rarely in games at school, and having few or no friends. For extraversion: having 
many playmates, participating in games at every. opportunity, and being admired 
by associates. 

(3) Since the highest intercorrelation between the personality traits ‘was 
. found to be the one between ascendance-submission and introversion-exiraver- 
sion for men, we noted what answer-variables were significant for differentiating 
both traits simultaneously. These were: father over 35 at S’s birth, S’s favoring 
languages in high school, participation in games at every opportunity, desire for 
admiration by playmates, lack of intimates of own sex and none of opposite sex 
during early: adolescence, finishing high school in Jens than 3 years, and atten- 
dance at parties during early adolescence. 

(4) In social intelligence, where one might TT a priori a high degree of : 
relation between the early personal history and the test score, we actually ob- 
tained fewer significent answer-variables than in the cases of A-8 or I-E. 

(5) In studying the relationship between early personal history ard emo- 
tionality, only one answer-variable applies to both sexes; those who participated ' 
in many kinds of religious activity in their adolescence Bre nee de scare high 
on the Preesev test, and vice versa. 

(6) Asforsuggestibility, especial attention is called ta the question on parents’ 
age, the answers to which showed that those S’s, both men and women, who were 
born to parents under 25 years of age had a tendency to be highly suggestible. 
Also, participation in games at every opportunity and in many kinds of religious 
activities seems connected with low suggestibility, whereas participating in games 
only when asked or urged seems to be connected with high suggestibility. - 

Within the limits of this study and with no claim to completeness or finality, 
our results seem to justify the following general conclusions: ' 

(1) It appears possible by the method of group differences to discover in a 
person’s early life significant facts m datermining some of his cd personality 
traits. 

(2) The number and kind of such significant facts m the ders of their 
significance vary with the traits. . 

(3) The largest number and the most reliable of the significant facts in early 
personal history are found for predicting introversion-extraversion, the .fewest 
and least reliable for emotionality. 

(4) The resulta of this study Lave opened up a-large number of specific 
- problems suitable for further research concerning the relationship between certain 
facts in one’s early personal history and certain of his personality traits. 


FACTORS INFLUENCING VISUAL IMAGERY FOR LETTER GROUPS 
By Henry Bownrs, Normal School, Ottawa, Canada 


Serious experimental difficulties involved in the study of imagery have 
_ hindered the investigation of this mental activity in its relationship with spelling, 
reading, and arithmetic. It seemed to the writer that a new approach to the 
study of visual-verbal imagery might be made through evaluation of the relative 
imaginal content of the experimental material. 
PROBLEMS 
The >bject of the present study was: (1) to determine if significant differences 
exist between single lower-case letters! in respect of the mean distinctness of 
their vieual images in a group of Ss; ard (2) to determine if significant differences 
exist besween groups of lower-case letters in respect of the mean distinctness of 
their visual images. If the differences were found we hoped (3) to investigate 
the relstive contributions of the distinctness of the visual images of specified 
letters cr letter-combinations to that of larger letter groups. 


- 


METHOD AND PROCEDURE 


The 26 lettera of the alphabet were typed in lower-case form one underneath 
another on a strip of paper. Every one of the 183 Ss, having been given a strip, 
rated exch letter on a 6-step scale. Values o, I, 2, 3, 4, 5 were arbitrarily assigned 
to eack step on this scale, The group was divided randomly into two, and tha 
mean estimate for each letter was found for.each group. It was immediately 
obvioua that enough reagents had been employed to give stability to the mean 
estimawea of each sub-group. This is indicated.mathematically by the Pearson 
r of o.co between the two sets of mean estimates. A similar procedure was fo!- 
lowed n the case of lista of 2-letter groups, 3-letter groups, and 4-letter groups. 
In each of these cases 40 groups of letters were used. The 2-letter, 3-letter, and 
4-lette7 groups were so constructed that it was possible to calculate the r between 
mean «stimates for specified component groups and the whole letter-group; e.g. 
between the first two, or the last three letters ofa 4-letter group and the whole 


group- : - 
It vas found (1) that small but very consistent differences exist between single 
-lower~2ase letters in respect to the mean distinctness of their visual images in a 
group of Ss, (2) that substantial correspondence exists between mean estimates 
by groups of Ss for the visual imagery of 2-, 3-, or 4-letter combinations, and 
(3) thet the visual imagery of letter groups is not wholly determined by the mean 
image-y of each constituent letter. It is also influenced by the imagery for sub- 
groups of lettere. For example, the imagery of the first two (or the last two) 


lettere in a 3-letter group is more potent in determining the estimate for the whole . 


group than the three letters considered as individuals. 


- ted for publication April 1, 1931. 
Co ve-point typewriter tyne was used. 
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^ — "Table I hows the eu. used in, the experiment. Following -each 

group is a-number which refers tq the relative distinctness of tis, yisual images 

of the group. . These numbers, of course, did not appear on the original material. 

It may be mentioned that except for columns (1) and (2), these numbers are 

-not comparable from column’ to column, since different groups of students ‘acted - 

as Ss. As indicated in the captions of the table, groups of Ss numbering froni 

42 to 183 were used. These Ss were Normal ad radenia and form a compare 

atively homogeneous group. — 


. After a preliminary discussion of visual imagery tho following orton were l 
distributed with lista cf numerals. Row l 


Please look closely at-each of the followi dünibene: Then į y to mee them 
` _ by means. of-your zones eye. Some people o ne more efficiently when their - 
es are closed. Í i 
. . Would you sey that— | 
S "Your mental picture. was £8 clear and distinct as tho sos] numbers? 
F Your mental-picture was almost as elear and distinct ag the ociginal - 
: numbers? (Between 8 and P). 
P. Your mental picture was fairly clear and distinct aa compared with 
- the original numbers? (Between F and 
N Your mental picture was quite blurred, vague ‘and indintinet as an 
e- "with the original numbers? (Batween P and H). 
H ur mental picture had only the vary slightest resemblance to the- 
moa. numbers?: Between N and K). ; 
"O0 K E could not form a mental į oo of the numbers? 
sno Wis tho appropriate liter (B, Y, P, N, E or K) in capitals åt the aft of - 
. 6 bers eG 


' . CauBon, Work slowly, carefully and ccnscientiously.- -Do Bot think thak 
. you are making a high. score by claiming a very distinct mental icture, or that 
. you are TEONE your mark by a vague and peed one.. " ii 


. The introspections on the numerals were treated as practice and — | 
'. data discarded. ` A brief discussion was again held, in which it appeared that 
` negative after-images of the numerals appeared iri a number of cases. Advice waa 
— given not to fixate the material too long, and to allow thé after-images to fade out. _ ] 
The Ss were required to form images of the same dimensions as the original” 
figures, and to project them on an imagined white paper at the same distance from” ` 
‘the eye as the given strip. An interesting observation was madé at this point. ` 
One, S naively complained about the numerals “jumping up from the paper" and. 
“going into position.” She was found to have a number-form. - The letters . 
E,H, N, P, F, and. 8 were assigned arbitrary values, 0, 1, 2, 3, 4, 5; respectively. 
7 The mean of all the ratings for each letter or letter-group was calculated.. These 
“means are inserted in parentheses after the’ groups in the above lists. The - 
probable errors of the mean-claimed.imagery for cartain letter-groups (principally 
those of median. imaginal content) were calculated, These data are given in 
` Table IL c E 
~~ 1A random. division of the Ss into EE equal groups - was made. 
~ Coefficients of correlation between the mean estimates of these io: were com- 
puted. They are d E in Table HT. - 


"od oW oz ductumu,udo0nrHB "p re rm eo Ao oe 


€ MEN 
VISUAL IMAGERY FOR LETTER GROUPS 


183 

(2) 
(2.8) 
(2.7) 


— (2.2) 


(2.7) 
(2.7) 
(3.0) 
(2.1) 
(2.6) 
(2.4) 
(2.6) 
(2.4) 
(2.7) 
(2:3) 
(2.6) 


' (2.9) 


(2.7) 
(2.7) 
(3.1) 
(2.2) 
(3.2) 
(2.5) 
(2.5) 
(3.1) 
(2.3) 
(2.4) 
(2.5) 
(2.4) 
(2.2) 
(2.8) 
(2.4) 
(2.5) 
(2.9) 


` (2.5) 


(3.2) 
(2.6) 
(1.9) 
(2.6) 
(2.7) 
(2.1) 
(3.2) 


"- TABLE 
Lerrer-Grours USED IN THE EXPERIMENT AND Tun RELATIVE 


3 


I 


or Tamm VISUAL wages 
No. of Subjects 
83 - 
(4) 
abr (2.7) rab (3.4) 


125 


(3) 


ckj (2.5) 
jam (2.1) 
rliz (2.5) 
bsk (2.5) 
eif (2.7) 
gtx (2.1) 
hmg (2.3) 


jex 
mjq 


pea 
dqw 
ola 


(2.7) 
(2.3) 
(2.5) 
)2.5) 
(3.1) 
(2.1) 
(2.3) 
(3.1) 
(2.9) 
(2.5) 
(3.0) 
(2.5) 
(2.5) 
(2.6) 
(2.6) 
(2.6) 
(3.5) 
(2.8) 
(3.3) 
(2.7) 
(2.5) 


(2.7) - 


(2.0) 
(2.2) 


- (2.2) 


(2.2) 
(2.2) 
(2.6) 
(2.3) 
(2.8) 
(3.2) 
(2.5) 
(3.4) 
(2.9) 
(2.3) 
(2.5) 
(2.5) 
(2.1) 
(3.5) 


qwdr 
laoh 


(1.8) 
(2.7) 
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DisrINCTNESS 
42 
(6) 

trab (2.7) 
mjck (2.2) 
imjq (2.0) 
‘azri (2.2) 
ykbs (2.0) 
hfei (2.2) 
dxgt (2.1) 
nghm (1.9) 
lsuy (2.4) 
ocbr (2.7) 
vndw (2.1) 
jofn (2.7) 
rikz (2.0) 
xepj (2.1) 
kulh = (2.3) 
spxv (2.1) 
ebtd (2.0) 
Zvoe (2.3) 
uimg (2.0) 
qdif (2.0) 
bage (2.2) 
winx (1.9) 
gavo (1.8) 
cywp (2.0) 
pwzu (1.7) 
fqya (2.0) 
xhqb — (1.9) 
mzwf (1.8) 
tksp (2.2) 
ngrk — (1.8) 
jebh — (2.4) 
iseu ` (2.6. 
onmj (2.5) 
beio (2.81 
abyd (2.8) 
saxg (1.9) 
qinf — (1.8) 
lpez (2.1) 
rdqw (1.9) 
hola (3.2) 


- 
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TABLE II : 
PROBABLÐ ERRORS or THE MEAN IuAGERY CLAIMED FOR ERTAIN Lareen-Gnoves 
'^ Column in Letter- . No- Mean Inibgery - 
Table I Group |. a ~ Claimed P.E. 
E & C 182 2.90 -059 
I g — (lowest). 182 2.25 .061 ' 
I 8 ' (median) 182 | 3.10 .063 
e. I o (highest) 18a 3.90 ~ .059' 
2.5 hm (median) 183 2.65 O61 | 
2 yd (median) 183 2.65 . . 065 
3 Ihu (median) 125, 2.45 - ~,069 
3 nft (median) 125 2.40 .070 
E qvo (median) (00837 2.75 . .086 
"4 jek ` (median) ` 83^ 2.75 ` -OQI 
5. tdbe (median) ` 92 2.05 .082 
E" bhej (median) 92 - 2.05 '.078 
6 iksp. (median) a2. . 2.20 .143 
6 bage (median): - 42 - 2.20 .138 
at TABLE HI : 
"s Rutiasrarms or MEAN ESTIMATES OF Iuacunr 
Column No. Letters No. Groups No. 
Table I in Group. . in Column’ 8s T 
I "ur 4 26 gr and 91 0.99 + .003 
2 2 40 - 91 and 92 0.93 + OI 
T 3 40 66 and 59 -0.86 + .03 
4- 3 40 41 and 42 0.92 + .o7 
5 4 | 40 46 and 46 0.85. + .03 
6 4° . 40. 21.and 21 ` 0.77 Æ+ .04 
TABLE IV 
-  QomrriOENTS OF CORRELATION RÉrWEEN MAN Eormaras © 
2-letter groups 3-letter groupe 4-letter groups 
| Col (2) Co. G) CoL ‘Gol. (5) - Col. (6) 
Letter (183 & 183 (125 & 183 (83 &183 (92 &183 (42 & 183 
i l ' 88) ' S8) Ss). Ss) Sg) 

_ Ist - .73 + .0§ `.56 .0f .48 + .08 -44+ .09 .53 +..08 
2nd i .58 + .07 '.41 +4.09 .55 +.08 .33 + .I0 _.55-Ł .08- 
ad ` ; [42 d:.09 .22 Ir .37-F.09 1.23.10 
4th . s i .50 + .08 .Ig + .II 
ist & and 77 25.04 66. .06 a 
Ist & 3rd Mtl .84 + .03 
ard & 4th ~ .72 + .05 47 + .09 
and, 3rd & 4th i .73 + .05. 
Mean of ist & and.-.85 + .03 F - 
Mean of 1st, 2nd : f 

& ard g 6324.06 .64+.06 . ~ 
Mean of all 02 0 .74:5.05 .67 Æ 067 
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These gibstantial r indicate that the mean estimates of the whole groups of 
Ss must be very stable. In other words, the employment of still larger numbers 
would have little effect in disturbing the order of precedence of = letter-groups 
in respect «f imaginal content. 

Examiration of the six columns of letters wil] show that dia were now at 
hand for salculation of the following r: (a). between mean estimates for 2-, 3-, 
or 4-letter groups and those for the individual constituent letters; (b) between 
mean estimates for 3-letter groups and those for the first two or last two lettera; 
(c) between mean estimates for 4-letter groups and those for the first two, first 
three, last two or last three letters; (d) between mean estimates for 2-, 3-; or 4- 
letter grocps and the mean of the mean estimates for the constituent letters. 
These datz are reported in Table IV. 

One hendred and seventeen Ss made estimates on groups of 1, 2, 3, and 4 
letters. The mean estimates for a single letter-group were respectively 3.05, 
2.5, 2.4, aad 2.25. 

CoNOLUSIONS 
. (1) Enall but very consistent differences exist among single lower-case letters 
(12-point typewriter type) in respect of the mean distinctness of their visual 
images in a group of Ss. The order of precedence, from those of lowest to pos 
of highest distinctness, is: g, w, (q, y), (k, m), (a, d), Ç, f, u), (x, 8,2, p), (b, eh 
n, j), t v, (i, cj, lo. : 

(2 Groups of 2, 3, and 4 letters may be arranged in series according to the 
distinctness of their visual images. The following series of 2-letter groups is in 
order of precedence, the first named being those with least distinct visual images: 
xg, (qw, zt), (mg, wf, jq), (ks, wp), (rk, uy, qb, zu, dv), (qo, bh, mj, ya, nx), 
(pj, br, n, hm, vd), (cx, fn, xv, td, bs, ck, rl), (ab, ap), (eu, lh), ei, (vo, oe), (la, 
if, 10). 

(3) Che distinti of the visual i images of 2-letter groups is contributed to 
by the nean distinctness of the two letters, the distinctness of the first, and the 
distinctness of the second. The order of magnitude of contribution is indicated. 

(4) The first and second letters o: a 3-letter group appear to be of equal 
importance in influencing the distinctness of the visual image of the group. 
There is some evidence that the third letter has rather less weight. The mean 
of the 3 "etters has greater influence than the 3 lettera considered singly, but has 
less weignt than the sub-groups, ‘first 2 letters,’ or "last 2 letters.’ No difference 
-was detested between the contribution of the latter. 

(5) The sub-groups ‘first 3 letters,’ and ‘last 3 letters’ are of significantly 
greater importance in determining the distinctness of the visual image of a 4-letter 
‘group tkan the mean distinctneas of the 4 letters. In order of importance are 
‘first 3 letters’ (or ‘last 3 letters’), mean of the 4 letters, ‘first 2 letters’ (or ‘last 
2 letters ), first or second letter, third or fourth letter. The order of the alter- 
natives 38s not been established. 

(6) The feasibility of evaluating verbal material in respect to the distinctness 
of visua. images of it is established, and this is in accordance with conclusions 
previoudy arrived at in connection with concrete visual, auditory, and kinaes- 
thetic inagery.? 


2H. Sowers, Memory and mental i imagery: An experimental study, Brit. J. 
Psychol, 21, 1931, 271-282. Bee aleo Constancy of imaginal content, J. Educ. 
Psychol., 20, 295-298; Studies in visual imagery, this JOURNAL, 43, 1931, 216-229. 


THE RELATION OF BRIGHT AND DULL PRESSURE TO 


By PauL Tuomas Youna, University of Illinois L 


In'arecent aimbe of thia J OURNAL! William A. Hunt described an d 
under the above title. Hunt's study rested upon an S ERYOn: by J. P. Nate! 
. and a critical experiment by the writer? 
Hunt exposed colored papers of various hues aa ETEO (rougi & 5 in. 
Aper tare 1 i Oro sy Moon His Os were at first instructed 4s follows: - ` 


I shall present various colored stimuli. ‘You are to-attend-to the general 
experience involved in obse them, and to state whether this experience . 
involves a QD Deme or a ‘dull pressure.’ These pressures are qualitatively 
similar to those ordinarily elicited by cutaneous stimulation, but are in no way 
identical Mess them. 

‘ pressure’ has been described as tactual bright pressure ot a touch 
quality caled radial, bein pressure and tickle. It has expansive qualities and 
has been dpa D aed at the than in the center. 
It is pen buoyant, and dily feel. whole experience is 
diffuse and volumic, and is ed t tha patterns varying from one exper- 
bright to another. The following adjectives eels Bele dae in describing it: | 

t, sparkling, active, effervescent, like ti ancing, shimm 
misty, mild, vaporous, mus ght airy airy, fluffy, ethereal, smooth, soft, welling, oe . 
SE all peemure tas base deanibel 

’ has been d as dull pressure or a quality iying near dull 
puse ea aca and strain. Itis not extended. It has qualities _ 
of constriction, and has been called radial, but more prominent at the center 
p ee While it is diffuse and volumio, x dul arte, dra deal, 
sure and is d and less bright. It has been called dull, massive, 
rigid, less lively, somier, inert, stiff, gloom d more dense, heavy, sinking, lead 
thick, cold, rough, grating, insistent, condensed, like bodily contraction. 


This instruction was used to se! the Os fcr bright and dull pressure. The 
next week the game colored papers were presented to the Os with a different 
instruction. Apart from instruction the experimental conditions and pracedure 
were unchanged. The second instruction follows: . 

I shall present various colored. stimuli; &nd you are 4 judge whether ‘hey 
are pleasent unpleesant, | or indifferent. i 

A week later Hunt Tepested the series of pressure E iud the following 
week he repeated the series of affective judgments. The total resulta were treated 
quantitatively by assigning numerical values; to bright pressure was assigned 
the value +1, to indifference o, and to dull pressure —1. Similarly pleasantneas 

*Accepted for publication April ro, 1931. i 

IW.-A. Hunt, The relation.of bright and dull pressure to affectivity, this 


JOURNAL, 43, 1931, 87-92. 
2J. P. Nafe, An experimental study of the affective RARA Did., 35, 1924, 


507 : 
SPURS Young, The ‘trained’ observer i in affective psychology, ibid., 38, 1927, .. 
is 9 X MEN 
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was assigned the value +1, indifference o, and unpleasantness —1. These values 
were thea summed to determine the degree to which a particular color elicited 
bright pressure, and the degree to which it elicited P. 

The degree to which colors elicited bright pressure was then correlated with 
their P ky the product-moment formula. The coefficients of correlation ranged 
from 0.72 to 0.99 and their P.E. from 0.003 to 0.08. When corrected for ene 
uation tke coefficients approach --1.00. 

Hunt concluded: “These results obviously lend support to Nafe's thesia 
They da not, however, prove it." 


A group experiment. The followirg experiment was performed at the Uni- 
versity =f Illinois with words taken from Hunt’s first instruction. It should be 
noted that Hunt took from Nafe the terms which presumably describe bright and 
dull pressure; and that Nafe derived these terms directly from the reporta of 
his Os. Forty-three descriptive terms. were taken from Hunt’s instruction, 
arranged in a chance order and then used as stimulus-words in an affective- 
associaton test. 


Mim eographed data sheets were distributed to 242 students in the writer’s 
elementary class in psychology. The jollowing instruction was then read slowly: 

I wil read some words, one at a time. If a word suggests pleasantness, put 
down E in the space provided; if it suggests unpleasantness, put down U; if you 
are not-sure, guess. 


Do not deliberate, argue or reflect; be passive, matter-of-fact, uncritical. 
Let the word have its effect and put down the first feeling suggested to you. 


Every precaution was taken to gain the codperation of the group and to mair- 
tain ecnditions satisfactory for & group test. 

Fourteen records were incomplete, so the present report is | based upon 228 
cases, 38 men and go women. The Ss were sophomores and upper classmen. 

Fram the records the writer tabulated the frequency with which a word 
sugges ed P. Table I gives the words arranged in order from most to least P. 
Since m every case the record was either P or U, the frequency for U is 228 
minus the given frequency for P. 

At first men and women were tabulated separately, but, since no significant 
sex-diFerences were found, the results have been treated collectively. ` By Spear- 
man’s method of rank-differences a positive correlation of 0.96 was found between 
men and women; P.E., was 0.008. 

Since there were 228 Ss half of this number, or 114, will be taken as a 
convenient indifference point. Theres are 17 terms (Table I, first column) on the 


“Te chance order follows: dull, mild, shimmering, airy, brilliant, dense, live! 
smoot, soft, condensed, somber, stiff, like expanstveness of the , like bodi y 
coniraction, sinking, light, rigid, rough, ehereal, grating, wert, misty, like tickle, 
tnstsicnt, welling, active, effervescent, spreading, Pri heavy, vaporous, cold, 
fully. massive, dead, drab, gloomy, thick, bright, leaden, dancing, buoyant, diffuse. 

T the above list Hunt’s more dense was changed to dense; and less lt 
lively. The word effervescent was inadvertently i effervescence. Other- 
wise the present words and Hunt's are the sam 

Ireidentally there was mild laughter ded the words stiff and dead were: 
proncunced. 

“Lhe Ss indicated sex on the data sheets but were not asked to give their 
name. 
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P side of indifference and 26 terms (Table I, last two columns) on the J side. 
In other words, the total list is slightly more suggestive of U than of P. 

A study of the list in relation to the words in Hunt's instruction shows that 
ail P terms (t.c. those with a frequency greater than 114) without exception are 
on the ‘bright pressure’ list. The U terms (t.e. those with a frequency less than 
114) contain a3 of Hunt’s words descriptive of ‘dull pressure’ and in addition 
6 qualifiers which belong to ‘bright pressure.’ The 6 U terms which are on Hunt’s 
‘bright pressure’ list are all very near to indifference: spreading, welling, diffuse,’ 
vaporous, misty, like expansiveness cf the body. 


TABLE I 
FREQUENCT OF ASSOCIATION OF P WITH THE STIMULUS-WOoRDS Leredo 
100% = 228. 
lively 224 _ spreading I09 . rough -18 
sparkling 224 massive 105 sinking I4 
dancing 221 welling -> 104 grating 13 
active 219 . diffuse 9I heavy 12 
light 219 . Vaporous 88 stiff II 
smooth ^ 216 misty 86 dense i 10 
bright .214  . condensed 79 leaden IO 
bouyant 21I somber 55 drab 8 
brilliant 211 , like expansiveness gloomy 8 
airy 206. - of the body 60 . . dead. 7 
fluffy - 204 — like bodily i dull 6 
mild 199 contrastion 52 l 
soft 188 thiok 39 
effervescence 168 rigid | 38 
ethereal 165 insistent 33 
shimmering 154 inert 32 
like tickle 130 cold 26 


In general the result is exceedingly clear-cut—more so than the writer had 
dared to expect. The words descripitve of bright pressure suggest P and the - 
words descriptive of dull preasure suggest U; some words (near indifference) are 
relatively nondescript. 

Immediately following the 43 stimulus-words on our list another instruction 
was read to the group: 


I will read a list of terms. Do not write anything until I have read the entire 
list. Then, if the total list suggests P, vrite P; if it suggests U, write te U. 


Two lists were read: frst the word-list descriptive of ‘bright presaure, and 
then the list descriptive of ‘dull pressure.’ Both lists were taken from Hunt’s 
instruction and reed without change. The ‘bright pressure’ list began: “bright, 
sparkling, brilliant, active. ..." The ‘dull pressure’ list began: "dull, massive, 


` *Bright pressure is said to be more diffuse than dull word i not but the word 
diffuse may apply to either. Strictly sneaking the word is not on Hunt’s list. 
See the instruction. 
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The result was decisive and scarcely needs any comment: 
Men Women Total 


P suggested by ‘bright pressure’ list 131 90 221 

I 2 3 
P ruggested by ‘dull pressure’ list f I 2 3 
U m : i I31 90 22I 


There wer» 3 persons who for some reason or ote urs just the reverse of what 
we had expected. 

It is f&r to conclude that the terms alleged to be descriptive of ‘bright pres- 
sure’ are highly suggestive of P and those-descriptive of ‘dull pressure’ are sug- 
gestive of U. : : 

Inierpzetation. There are many words in the English language which suggest 
P and U £»elings; in addition to the ones already considered are’ enjoyable, pretty, 
nice, swee., rich, vibrant, corking, cheerful, happy, etc.; and horrid, terrible, draggy, 
sad, naussating, uncomfortable, ete. An affective-association test is a simple 
means of determining the degree to which a given word suggests P or U. In 
this connsetion the writer is reminded of experiments by Titchener, Hayes, and 
' Foster acd Roese! upon the Wundtian theory of feeling. In their work, curves 
-of preference gained by the method of paired comparisons as well as introspective 
reports iadicated that certain Wundtian affections are related to P and U. 
‘Calm’ and ‘relaxation’ are apt to be P and ‘strain’ and ‘depression’ are apt to 
` be U.? 

It seems to the writer that many of the words used by Hunt do not describe 
a preasupe-like experience. What, for example, is a ‘gloomy, drab, dead’ pres- 
sure? " And what a ‘brilliant, active, dancing’ pressure? Opinions may differ 
as to hov far these words describe pressure; but there is no doubt that the ‘bright 
pressure" words suggest P and the ‘dull pressure’ words suggest U. 

The 3resent result is not surprising when one recalls, (1) that the ‘bright 
pressure" words were used originally in an attempt to characterize P experiences 
and the “dull pressure’ words were used to.eharacterize U; and (2) that Hunt’s 
Os were limited by instruction fo two categories of report, namely, pressure 
(bright cr dull) and affection (P or U). 

That suggestion is involved is indicated by one of Hunt’s control experiments. 
Three ‘wholly naive observers" made a single series of pressure judgmente and . 
. after a month a single series of affective judgments. Correlations between the 
two series were 0.82, 0.92, and 0.88, with P.E. respectively of 0.05, 0.02, and 0.03. 
Obviously in this case prolonged psychological education and training are out 
of the cuestion. Previously the writer attempted to confirm Nefe’s result by 
giving three Os ample practice under conditions which precluded suggestion; 
but he Tailed to duplicate Nafe’s resulta. ^ In Hunt’s control experiment the 
effectiveness of verbal suggestion in the absence of practice is demonstrated. In 
determing a result suggestion, therefore, is more effective than practice (repe- 
tition o' observation). 

7Some oi these examples are taken from O. D. Anderson, An experimental 
study ci observational attitud this JOURNAL, 42, 1930, 354. 

For ref references, see W. S. Foster and ao, TE tridimensional theory 


of f from the standpoint of typical experiences, ie thia JOURNAL, 27, 1916, 15 
"Cf. the writer's resulta, Pleasantness and aca in relation to ACTA 


respon, di 32, 1921, 40. 
105 ctt., Mid l 
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Can the preesure-affection correlation be demonstrated by methods Web 
rigidly exclude suggestion?! 


Conclusion. Hunt’s high sosditions between pressure and affection orabat 
depend upon verbal suggestions given to the Os in an instruction. Bright pree- 
sure was described in terms highly suggestive of P and dull pressure in terms 
highly suggestive of U. His experiment shows how easily verbal suggestion can 
determine a result. Again we are in doubt whether Nafe’s thesis can be demon- 
strated without suggesting it in tke instructions or otherwise. 


UIt would be unfortunate if the present discussion obscured genuine problems. 
Nafe and others have concluded zhat P and U are directly observable exper- 
lences similar to pressure; that ths difference between P and U pressures may 
best be described by the words bright and dul; and that there is some evidence 
| n bright i8 localized in the region of the chest and dull pressure in 

region of the abdomen. These statements need to be tested by a methgd 
A whieh the instructions do not suggest the result. 


INCENSITY OF STIMULATION AND THE AMPLITUDE AND 
x . LATENCY OF THE LID-REFLEX 


By Haren Prax, Yale University 


This study reports briefly three preliminary generalizations regarding the 
effect of the intensity of stimulation on the reflex response of the lid to a sudden 
noise: (z) the amplitude of the lid-reflex tends to increase in direct proportion to 
the logazithrn of the stimulus intensity; (2) the increment of increase of response 
with increased intensity of stimulation is less under & state of relaxation than 
under a relatively tense state of the reactor; (3) reflex latency shows a slight 
decrease with increasing intensity of stimulation. When comparing responses of 
the sams amplitude, however, this difference in time disappeared in all but one S. 

The.e facts are incidental to an experiment reported elsewhere, where the 
_ deseripiion of the apparatus and experimental procedure may be found. To 


TABLE I 
AVERAGE AMPLITUDES ror ALL SUBJECTS BY SETS AND INTENSITY 
Intersity Relaxation Lid-voluntary ^ Finger-voluntary 

(mm.) (mm.) (ram.) 
(A) 22.09 8.9 ` II.4 II.2 
(B) 44 13.2 17.3 15.9 
(CO) 702.25 14.4 19.7 19.5 
(D) 2218.41 v2 =. 23.8 23.0 


summerize the experiment briefly, we note that the lid-reflex, in response to four 
intensies of auditory stimulation, was elicited on the background of psycho- 
physicogical sets evoked by three types of instruction. In the first set S was 
instructed to relax, in the second, to wink voluntarily just as quickly as possible, . 
and ir the third, to press a key voluntarily with the finger and just as quickly as 
possibe. Five Ss were given about 900 stimulations each. The lid-response was 
recorced photographically. The stimulating apparatus was calibrated so that 
the recative intensities could be identified and measured: The relative values de- 
rived ‘rom this calibration are given in Table I alongside letters which designate 
the d-fferent intensities (A is the lowest intensity). These values are purely 
relati~e and cannot be interpreted in absolute terms. They refer to the squares 
of readings on a photographie film which are direct functions of the displacement 
of the sounding board. Since the frequency values of these displacements are not 
knowa, the absolute intensities cannot be derived. The intensities were arranged 
in ths experimental series so that each occurred once in every four trials of a 
pract ee series of twenty-four trials. No intensity succeeded itself. P 

*ccepted for publication April 1, 1931. | ' 

TE. Peak, Modification of ha lid-reflex by voluntarily induced sets, Psychol. 
Moneg., 42, 1931, (no. 188), 68. * 
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Curves of the form y = k logu x + c have been fitted to the empiries: points 
of Table I by the metaod of least squares.? 

Amplitude. Fig. 1 shows-the relationship between the intensity of stimulation 
. and the amplitude of reflex response. In the inset the same data for amplitude 
are plotted against the logarithm of the stimulus intensity. The actual equations 
from which the curvea were plotted are: (1) relaxation, y (amplitude) = 3.8907 
< x + 4.035; (2) lid-voluntary, y= 5.902 log x + 3.762; (3) finger-voluntary, 

= 5.832 log x --5.23. 





INTENSITY 


Fre. 1. Tu» RELATION OF AMPLITUDE OF Response TO INTENSITY - 
OF STIMULATION 


Amplitude values are ah aor alae on the y-axis, intensities on the x-axis. In 


the graph on the left-hand side of the figure, icu] are plotted against 
x-values; in the Si graph, eria are lege x-values. For both 
graphs the eden points are indirate eg for e relaxation data, 
crosses for the lid-voluntary, and triangles for fe finger-voluntary. The curves 
have been fitted to the data by the method of least Squares. 


In each set the empirical points approach close to the lines of best fit through 
these points so that the ines may be taken to represent the general tendency of 
the data. It is indicated, therefore, tast the reflex response increases in direct 
proportion to the logarithm of the stimulus intensity, which is the relationship 
expressed in the Weber-Fechner law. These facts are probably observed best from 
the semi-log plot in the inset of Fig. 1, particularly the relation of the curves to 
the empirical pointe. An increase in amplitude of the reflex with increase in 
intensity of stimulation has been noted by numerous investigators, though the 
nature of the relationship has been variously stated and cerfain limiting condi- 
tions, under which the increase does no? occur, have been reported. 

The slope of the lines is different for the three sets; the greatest difference 
appears between the voluntary sets and relaxation. The values for the two © 


*The oe formulee w 
: = [i zy) 08 — Gy ie log xj|/[(nZ logi x) — (z log x)!] 


Ey Z log 
I &m indebted to Dr. SAC E R. SEL for the derivation of these formulae. 
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voluntary gets differ only slightly. Thus the same added unit of physical intensity 
produces 3 greater increase in response under voluntary sets than under relaxation. 

The problem of the relation of these lines at the threshold of response (when 
y = o) suggests itself. When continued to the x-axis, the relaxation curve meets 
it at 0.097; the lid-voluntary, at 0.23; the finger-voluntary, at 0.28. These values 
are very 2lose together, though they suggest a slightly higher threshold for the 
reflex under voluntary sets than under relaxation. Whether or not this is true 
depends, of course, on the constancy of the relationship found here between 
^ amplituds of response and intensity of stimulation. The evidence from other 
. types of behavior indicates that such a relationship is likely to change near the 
thresholc A study of reflex thresholds under different sets, as well as the shape 
of the curves as the Eireenodda is-approached, is indicated as an important a 
- mental problem. 


TABLE II 
AVERAGES LATENT TIMES IN g FOR Every INTENSITY 
Intensity I 
Subject (A) | (B) (C) (D) 
I 48.3 46.4 - 46.2 . 45.0 
2 40.4 38.8 38.4 ^ .— 37.8. 
3 40.3 38.3 , 88.1 36.6 
4 40.5 38.8 . 39.4 ^. 38.1 
5. 38.2 36.3 37-7 37-4 


Pd 


Tim.. Numerous references to the relation between intensity of stimulation 
and the time of reflex response are to be found in the literature. “Disagreement 
obtains, however, even among the studies which have employed more or lesa 
similar ;echniques. We have no conclusive data on the problem but wish to 
discuss 5riefly the error in determining latency which arises from the difficulty 
of reading time on responses of low amplitude. 

We ‘ound, when examining the assembled time values of the lid-reflex for all 
" S8 and zeta, that there was a slight decrease in latency of responses to greater 
intensit-es of stimulation. This was not consistently true from intensity to 
intensity, but in a comparison of the average time of response to the lowest 
intensity with the average time to the highest intensity, the highest intensity 
group mowed the shortest time in 93% of the comparisons. Table II contains 
the concposite average times of all sets for each S for each intensity of stimulation. 
Thougk the differences are smail here, their direction is clear and responses to 
the low intensity A all show longer latencies than’ those to any of the higher 
intensities. 

In order -to determine .whether this small difference was affected by the 
fact that the large intensities produced consistently larger amplitudes of re- 
sponse, which might have been read erroneously at shorter times, we decided to 


` : 
m Se Goes E ra : 


i mipare d wa idiae of espórise to. the different intensities in reactions of the same 
- iude: “thu making’ the amplitude factor constant. Reactions were placed `` 
u^" er ups According to their amplitudes (group intervals of 3 mm.) and the average i 
FE Jatenoy. yalué-for . each group was determined. The averages of responses in 
' the Rame- amplitude group-were then compared and it was found that the latency 
: ~ “SC Yeaponke to, the amalleSt intensity was longer than that to the largest only 
i E * 41506 GF tbe mo instead df 947a 9E tha 006,06 1t was bator amplitude wes 


-out.. ` | 
- ' TABLE III p un OU". 
2s cl o |. AvznagnLATENOY IN C FOR Every INTENSITY 
"e : EE . . (Amplitude constant) | , 7 
MR Intensity © "E 
,.  Bubjet (4) (B). (CO - (D) 
"CY o. 46.4 so. 462 L 47.5 48.0 ^ ; 
| 2 38.0.  . 37.8 37.9 - 39.8 
KASN cS — 495. Ba 38.7 ^ 36.2 
ND TE 38.4 - 38.1. 387 .. 388 - 
g Ae b j NC S prs 
Ou i O37 a - . 37-2 -40.5 N 38.2- 


"Table III Rives data comparable to those of Table II. Here we have ilio 
composite means derived by averaging the means of each amplitude group. In. 
each of these averages the amplitude factor has the same weight. - It is clear from. 
"Table III that, with amplitude held constant, time differences disappear for all 
except S 4, who retains about the same relative values for different intensities. . 
The factor of amplitude is thus shown to be related to latency. That the error 
of reading small amplitude responses may be responsible for this fact seems likely, | 
but it ahould be remembered that a real relationship may exist between large 
amplitude and short latency which is not due to such a technical error. What- 
ever the cause of the correlation may prove to be, the empirical fact is estab- ` 
lished for the present data, and it should be considered i in all casea where ampli- ' 
tude changes concomitantly with aun t 
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I. MuscULAR TENSION AND IRRITABILITY — '. 
By G. L. FREEMAN AND E. TAYLOR Katzorr 


The relctionship between emotional behavior and muscular tension hasbeen 
mentioned in several papers of recent date. 'Two investigators, Johnson! and 
Duffy, have produced evidence favoring the view that individual differences in 
emotionality &re reflected by corresponding changes in the tension of skeletal 
muscle. Uzing the pressure exerted upon hand dynamometers as an indicator of 
tension, Drffy obtained records from nursery children during discrimination and 
tapping tets. The children were then rated by teachers and physicians for 
excitability (emotional stability) and school adjustment. Individual tension and 
excitability scores gave a coefficient of correlation of 0.52, P.E. 0.13. Tension and 
ratings for school adjustment gave a correlation of 0.58. While it is obvious that . 
changes in muscular tension occur in connection with practically every mental . 
state, the correlation of tensior-increments during work with ratings for tempera- 
mental diffsrences deserves critical study. ' 
The puzpose of the present report is to extend and amplify Duffy's observa- 
tions.? Our specific problem was to record the changes in tension of adult Ss 
during expsrimentally produced irritations and to relate these changes with some 
objective measure of their emotional irritability in connection with situations of 
everyday lie. Emotional irritability is here defined as the tendency to be annoyed, 
disturbed, or stirred-up by external occurrences. The general advantage of test 
over rating procedures led us.to accept the Cason Common Annoyance Test as an 
indicator o: what we have called emotional irritability in eee situations.* 


Vind PROCEDURE 


The Sg were 50 college students ranging in age from 18 to 24 years. Each 
served for one session only. S was brought into a partially darkened experi- 
mental rocm and seated before a screen. In order to keep the purpose of the 
experimen” from being too, obvious, the following misleading information was 
given. 


*Accep ed for publication June 15, 1932. 
AAT pr. Papal 11, in muscular tension in codrdinated hand move- 
ments T Duf i II, 1928, 334. 

YEJisaLsth Tensions and emotional factors in reaction, Genet, Psychol. 
Monog., 7, 1930, ic ; ' The measurement of muscular tension as a technique for the 
stud ide ot er3otional tendencies, this JOURNAL, He e ee EE 

Our taanks are due to Miss Dorothy Eleanor Agnes, Miss 
Marjory Eoch and Mr. En'anual Neilson for valuable assistance in the conduct of 

experiment. 

*H. Cason, An annoyance test and some research problems, J. Abnor. & Soc. 
Psychol., 25, 1930, 22295 
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The pur ose of this experiment is to measure eae in Perpu an during 


g. Seat ONCE comfortably with your head against t Take this 
bulb and hold it firmly in your hand; on no account are you to drop or release it. 
When the reading light is turned on, you will find a series of humorous articles 
which you are to reading aloud when I say go and continue reading 


until you come to tke end of the selection. 


The bulb was connected with a sensitive tambour, writing on smoked paper. 
Since the air column was placed under pressure by closing the hand over the bulb, 
both the strengthening or weakening of the grip could be recorded. 

S was allowed about 5 min. in which to become accustomed to the experi- 
mental situation. A record of the pressure upon the bulb was taken during this 
entire period, in order to establish & baseline from which subsequent changes 
could be measured. Six selections were read during the experimentel period, 
and a single irritating stimulus was introduced with each passage, after S had 
become engrossed in the reading. The following stimuli were used ir random 
order: (1) flizkering of the reading light; (2) quick removal of support at back of 
S’s head; (3) falling of a large brass weight near S'8 left thigh; (4) snapping of a 
large mousetrap; (5) strong upward current of air, driven by electric fan near feet 
of S; (6) persistent filing and scratching on a screen. 

Many of the Ss reported that these stimuli produced irritations with a high 
degree of emotional content. They were somewhat at a loss to know just why 
they had been introduced; but the only definite cue to the purpose of the experi- . 
ment was supplied after the session, when S was asked to rate himself on the 
Annoyance Test. 

Auziliary records of quadriceps tonus. Because pressure upon a bulb is a very - 
crude indicator of tension and because it may involve voluntary incrementa in 
tension as well as involuntary changes, auxiliary records of quadricess tonus 
were obtained for ro of the Ss. Tonus was photographically recorded by the 
method of tendon deformation, as previously described." These records showed a 
tendency to correlate with the changes in pressure on the bulb. 

Scoring of the kymograph records. Changes in the pressure upon the bulb during 
and following the introduction of ‘irritating’ stimuli were reckoned in mm. of 
height from an arbitrary baseline, established at the midpoint of a 5-min. pre&xperi- 
mental tension curve. Three measurements were taken of the response to each of 
the six stimuli; these were, (1) maximal height, or depression, in the curve, 
(2) height 5 aec. before maximal, (3) height 5 sec. after maximal. These three 
measures wer2 then averaged and the six averages combined to give the composite 
tension score for each subject. 


- 


RESULTS 
The resulss of this experiment may be presented briefly in the correlation 
found to exist between individual tension scores and subjective ratings for annoy- 


"This ball was arranged so that it would fall from a shelf outside S’s ange of 
direct vision. ` An invisible wire prevented the ball from descending beyond & 
certain height. 

'5We are making the assumption that the tensions dealt with in this experiment 
dics ] 07 an B nature. 

man, The measurement of tonus by deformation of the tendon, 
this our 43, 1935, rea 


MUBCULAR TENSION AND IRRITABILITY - 791 


ance and irritability. They indicate that the person whose tension increases 
during irritating experimental situations-will also rate such items aa the following 
as being extremely annoying.® 

To hear a person ri E in & shrill voice. 

To se= a person picking his nose. 

To ses public love- 

To-hear water dripping from a faucet. ' 

To heve to kiss a relation I do not want to. 


To ses & person at table spit ng Ou) eun 
To have a person look over my shoulder and read the book Iam reading. 


Becatse we were mainly interested in the position of individual tension and 
annoyance scores, independent of the size of the score, the coefficient of correlation 
was obta. ned by the rank-difference method. It was found that p = 4-0.49 (P.E., = 
0.07). This compares favorably with the figures reported by Duffy and indicates 
the tendency for ténsion to be as positively correlated with irritability in adulte as 
it is in children. The fact that the coefficient is not any larger does not seem 
to us to depend upon the reliability of our sample as upon the methods employed 
to test for irritability and tension. From the standpoint of the distribution of 
scores, tae measures of irritability are about as those of tension. The average 
annoyance score for our group is 18.5, m.v. 3-3- The average'tension score is 
I2.7 mt., m.v. 5.7. 

The validity of the tenon scores is dependent upon two factors. For one 
thing, amy pressure system is at best a very crude indicator of tension; in the 10 
cases, waere the more delicate technique of tendon deformation was used con- - 
comitansly, the coefficient of correlation between the two indicators was only 
0.22." Im the second place, individual tension scores would have to be obtained 
upon a aumber of different days and under a variety of conditions before one 
could deal with the problem of individual differences very thoroughly. Duffy’s 
work hes a cartain advantage over ours in this respect. She used 18 Ss in the 
game situation for several sessions. This arrangement did not seem feasible in our 
experiment. The advantages of our study lie in the fact that we used a greater 
number of cases (50), and sought to arouse definite emotional reactions, whereas 
the ocet rrenee of such reactions in Duffy’s experiment waa only incidental. 


Discussion 


Our results are further evidence that the differences in tension between in- 
dividuas is not a fortuitous matter, but a highly significant one. Ss who are 
tense ard highly excitable in experimental situations, also tend to rate themselves 
high wih regard to common annoyances. Annoyance may depend upon a number 
of things. Among those mort commonly listed we find such expressions a3 | 
‘excitablity,’ ‘emotional maturity,’ ‘instability,’ ‘poor adjustment,’ and ‘irrita- 
bility.’ We have chosen to use the last term to describe the subjective factor 


To those who are unfamiliar with the Annoyance Test, we might add that 3 
can giv one of four ratings to each statement (3) extremely ely annoying, (2) moder- 
ately pap tet (1). slightly annoying, (0) not annoying; x indicates that S is un- 
familia- with situatio 

*Ths would be dus Aem to the differential relaxation between various 
membecs of the body. nae Duffy (op. cit., 157) found a low correlation 
between the tension of both ha hands 
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underlying most annoyances. In generel, it is the tendency to be easily aroused. 
and stirred-up, to respond in a soméwhat irrational manner and to reast emo-- 
tionally as well as perceptually to external occurrences. l 

Why should one who is tense become more easily irritated than & person who is 
habitually more relaxed? The question is not an easy one to answer. We have 
very little in the way of valid objective differentia between emotions and other 
mental states. The most pertinent fact which we can bring to bear upon the 
problem is that the organism is more highly aroused in the so-called emotional state. 
Emotional arousal is measured by some indicator of organic activity. Muscular 
tension is one of these. The previour question might now be phrased somewhat 
differently: How can the degree of excitation already present in the organism 
determine how it reacts to & given external situation? If one accepts the principle 
that the impulses coming into the central nervous system from the propriozeptors 
act to lower thresholds of nervous irritability to all stimuli, we have the beginnings 
af an explanation.? If some individuals show themselves tp be more easily an- 
noyed and irritated then others, that tendency may be due, in pari at least, to a 
neuro-muscular mechanism which is habitually geared to high pitch. Clinicians 
and others interested in the diagnosis of emotional tendencies do well to include 
some measure of involuntary muscular tension in their round of tests. 


We do not propo to discuss this matter in detail here. Cf. G. L. Freeman, 
Mental activity and the muscular processes, Psychol. Rev., 38, 1931, 428-445, fora 
suggestive account. l . 


RELATION OF SPEED OF REACTION TO INTELLIGENCE 
By L. F. Bece, Brown University 


Speed of reaction has frequently been regarded as a contributing factor in 
intelligence. Its significance is not, however, clearly understood; and the results 
of experiments made upon this topic have been ambiguous. McFarland, for 
example, in a summary of the literature, noted the contradictory nature of the 
results, bat concluded nevertheless that there was “a vital relationship between 
Tate and mental ability.”! More recently Beck reviewed the field, and he came 
to the coaclusion that speed was only of minor, if of any, importance in intelli- 
gence.* 

The cdject of the present study is, therefore, to obtain further data upon the 
relation ef speed and intelligence by determining specifically the correlation be- 
tween sped in (1) simple reaction, (2) serial Fea (3) reading, and the scores 
in an intalligence test. 

.  Mernop AND PROCEDURE 

Simpe reactions. A Dunlap chronoscope was employed for measuring the 
simple reaction-times.? Every S was instructed to press a telegraph key with 
his right hand when he observed any movement of the pointer on the dial of the 
chronoseope. A preparatory stimulus, “ready,” was given from 144-3 sec. prior 
to the ergaging of the recording mechanism of the chronoscope. 

Seric reactions. For the measurement of serial reaction, the Seashore serial 
discrimezer was used.‘ This apparatus calls for the successive activation of the 
four fingers of the right hand in response to Iour numbers which are presented 
visually in a random succession. 

Reaceng test. The reading test was constructed from magazine articles. In 
order that the Ss could easily comprehend the material and still not be able to 
skim an1 to slight the reading, articles were selected whose content was compar- 
atively simple but whose construction was quite difficult. The time permitted 
the Ss for reading was 2 min. At the end of that interval the Ss were given 24 
short qrestions, every.one capable of being answered in & single word or short 
phrase, she results of which were used as a measure of their rate of comprehensive 
reading 


Procedure. The testing program was divided into four series as follows: 
(a) 5 serial reactions followed by 25 simple reactions; (b) s serial reactions, 25 
simple -eactions, half of the reading test, and half of the comprehensive ques- 
tions; (c) the same as (b); and (d) the same as (a). Thus in all 20 serial reactions,. 
100 simple reactions, and 2 scores of silent reading were obtained for every S. 

-*Acoepted for publication November 7, 1931. From the Psychological Lab- 


oratory of the University of Oregon. 
IR. A. McFarland, The rôle of speed in mental ability, Psychol. Bull., 25, 


1928 630. 

1, 7 . Beck, The róle of in intelligence, ibid be Pal 

AK. e Dunlap, The Johns Hopkins eee J. 225 1019, 
249-257 


‘R. H. Seashore, ME" e for measuring serial action, ibid., 11, 1928, 45-55. 
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Thirty S8, 15 mer. and r5 women, all university students, served in this study: 
Percentile scores on the Thorndike College Entrance Examination were obtained 
for every S from the University files. e 


The means and standard deviations of the varova pesta dor the 30 Ss are as ` 


follows: : 
Mean - 8. D.- 


7 Serial reaction 209.7 25.30 


Simple reaction 198.0 20.70: 
Reading rate with comprehension . ^ 7217.9 70.42 l 
Thorndike percentile scores A 7.3 12.14 oe 


The score for serial reaction is the number of individual discriminative finger 
movements made in a 2 min. period. Simple reaction is expressed in thousandths: | 
of seconds, while reading rate is given in words read per min. ` 

According to Wocd,! Thorndiké scores have a reliability of r = 0.85. The 
reliability coefficients of the serial reaction and simple reaetion measures are 
ay = 0.96 and tr = 0.93 respectively. The reliability of the reading test ecores 


is related in part to the number of words deducted from the gross score of each i 


observer for an incorrect answer to a i aaa question. The E 
table presents thia. observation. 


Penalty ` y 
o words per question, mim ==0.88: i 
Bs noo n » P » 10.90 E 
^ E Io. ” » 5» n 730.94. 
x os . 20 ” i » = n 0.95 
T ` 30 n » n » ^ 0.94. 
f 40 5 D n | 2 =0. 83 


It appears from the shove array that same Sa attempted to-inareaso their 
speed of” beyond their comprehension rate. This resulted in errors on 
the comprehension questions as well as unstable measures of reading rate. By 
the use of weights on the comprehension questions, the relative extent of this 
instability is fevealed. For the purpose of correlation with other measures, the 
reading scores with a reliability-of mrrz = 0.95 are used. '- : 
Correlations among the four measures are as follows: = 


-` Serial reaction and ‘simple reaction >o? Ty = —0.09 
Serial reaction and reading rate  : Ins = 0.23 ~ 
Serial reaction and Thorndike scores : Tu" 0.25 
Simple reacżion and'reading rate — - | In — 0.13 

Simple reàozion and 'Thorndike Bcores . T4 =. 0:02 
Reading rat» and Thorndike scores Tua = 0.32 


‘B. D. Wood, Measurements in Higher Education, 1925, 45. 
: ‘Each reliability coefficient was obtained by correlating the first half of the 
: Sedem eel test with the second half. The coefficient then was -corrected for 
uble length of the test by the Brown- prophecy formula: . 
. Nyx = 2ryy/(1 + rq. TN E 
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First £nd second order partial correlations closely parallel the zero order co- 
efficients; hence, there are no borrowed factors in the coefficients given above. 
Neither ace there interference factors qn tend to obscure relationships greater 
than. those obtained. 


By th» use of the following formula: 
at [ot^ cow = (1/rx + i/r = 2)/ (1/nx + 1/m11 — ar oo w), 


a quotiens is procured, which, when translated from a table, gives the percentage 
of measumable differences in test scores which exists in excess of chance differences. 
By the application of this technique to the above inter-correlations, the following 
measuraHe differences readily are determined. 


Serial reaction and simple reaction 88.8% 
Serial reaction and reading rate 86.9% 
Serial reaction and Thorndike scores 75.0% 
Simple reaction and reading rate 85.1% 
Simple reaction and Thorndike scores 78.2% 
Reading rate and Thorndike scores : 72.0% 


The àigh percentage of measurable differences between serial and simple 
reaction .n adults indicates that the speed of reaction of a muscle group in the 
forearm, wrist, and fingers, which is set for a specific response, does not determine 
the speec. of reaction of a series of similar muscle groups which respond succes- 
sively with no opportunity for a preparatory set. 

, the measurable differences among simple and serial reactions and 
reading ~ate are approximately the same as the differences between the two 
motor tests themselves. In addition, it should be observed that the correlation 
between aeria] reaction and reading rate is higher than that between simple regc- 
tion and reading rate; yet, there is a higher percentage of measurable, differ- 
ences in the former. This fact prohibits direct interpretation from correlation 
coefficierta alone. 

Finedy, the percentage of measurable differences between the Thorndike 
test and the other three tests is somewhat lower because the reliability of the 
Thorndize is 0.85. Nevertheless, the percentage of differences suggesta that 
speed in. simple reaction, serial reaction, and reading plays a minor róle in the 

determiration of intelligence as it is measured by the Thorndike Examination. 


CONCLUSIONS 

(1) In adulte, there is little relationship among measures of speed of simple 
reaction serial reaction, and reading rate. The percentages of measurable 
differences in excess of chance differences are 88.8%, 86.9%, and 85.1%. 

(2) Simple reaction, serial reaction, and reading rate are not the principal 
determinants of proficiency on the Thorndike Entrance Examination. The 
percenteges of measurable differences are 78.2%, 75%, and 72%, respectively. : 

TT. L. Kelley, Professor Keltey’s reply, J. educ. Lsychol., 16, 1925, 52-55. 
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A COMPARISON OF METHODS IN DETERMINING THE 
AFFECTIVE VALUE OF WORDS _ 


By Rrcwarp LzpGERWOOD, University of Maine 


The object of the present study was to investigate the application o2 two of 
the traditional psychophysical methods, the method of paired comparisons and 
the order-of-merit method, to the aesthetic judgment of verbal material. 

. Procedure. . It was desired to obtain, for use as stimulus-material, plausible 
combinations of letters which should be free of -denotative meaning. The arti- 
ficial word-formations which figure in great numbers as the names of characters 
and places in the novels of James Branch Cabell supplied this requirement. A . 
list of the proper nouns occurring in one of thèse novels, The Silver Stallion, was 
compiled. This list was first subjected to certain processes of elimination. - 
Formations bearing a discernible likeness to known words were excluded from 
consideration, as were also compound names and formations possessing diecritical 
marks. From the remainder, 20 combinations of letters were selected with an 
eye to variety of constituent letters and diversity in length. The selection was: 
made in such a manner that groups judged: by simple inspection of the compiler ~ 
to be extremely pleasing in charactar, mediocre, and distinctly ugly contributed .. 
about equal numbers. 

Arranged in alphabetical order, the words chosen were: 


Ápsarasas Fomor Miramon Storisende 
Breidablik  Glavrab Ninzian ` Thossakan 
Coth Holmendis . JA Ogde Vanadis 
Donander Kerin 5 Poruta& Yaotl 
Ettarre Ladinas  — Ranee ^ Zipaona 


Each of these 20 words was paired twicó with each of the other words, posi- 
tions being reversed the gecond time so that every word occurred in combination 
with every other word once on the right and once on the left. The 380 pairs go 
' obtained were arranged in chance order and typewritten on 16 slips of paper 
measuring 11 by 4X in. Twenty-five pairs Ááppeared on each of the first r5 
slips and the remaining five pairs on the last. 

‘The 7 members of a class in experimental psychology, comprising 4 men and 
3 women, acted as judges. They first made the judgments by paired comparison, 
underlining the word of each pair that they preferred to the other. When they 
had completed this task, they were given a simple list of the 20 words and asked 
to arrange them in order of choice eccording to the order-of-merit method. - 

Resulis. The sum of the frequency of choices on the method of paired com- 
parisons was found for each word. The sum of the ranks for each word on the 
order-of-merit method was also determined. The order of size of these figures 


*Accepted for publication May 21, 1931. 
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is shown in Table I. The order of the composite judgments as determined by 
the method of paired comparisons is shown in the first column; and the order of 
the composite judgments as determined by the order-of-merit method is shown 
in the se<ond column. 


TABLE: 1 
e OEDER or COMPOSITE JUDGMENTS ` 
Worde Methods -Words Methods Words Methods 
P.C. OM. ` P.C. O.M. -PC O.M. 
Vanadis I I Storisende 8 8 Coth I4 17 
Donander 2 2 Thossakan 9 IO. Ranec 15 II 
Miramoa 3 3 - Breidablik I0 12 Glavrab — 16 16 
Ninzian 4 6 Apsarasas II I4 Zipacna 17 IS 
Ettarre 5 4 Kerin 12 9 Porutsa. 18 18 
Holmendis 6 5 Fomor I3 13 Yaotl~ _19 20 
Ladinas GEM. Ogde 20 Ig 


The results of the two methods concur in showing that Vanadis, Donander, 
Miramon, Ninzian, and Ettarre were the 5 names found most pleasing by the 
judges end Glavrab, Zipacna,. Porutsa, Yaoi, and Ogde the 5 names found least 
pleasing. 

The correspondence of the results yielded, by the two methods, measured in 
terms at the rank-difference coefficient of correlation, was ascertained to be 
-+ 0.96. This figure agrees very well with Barrett’s finding of an average corre- 
lation cf 0.987 for three non-aesthetic materiale—weights, handwriting, and 
beliefs.+ 

The amount of agreement among the judges was determined by computing 
the ranz-difference correlation of each S’s judgments with each other S's judg- 
ments, ~reating the results of the two methods separately. This procedure gave 
21 coefltcients to be averaged for the method of paired. comparisons and a like 
number to be averaged for the order-of-merit method. The average agreement 
betweem judges was + 0.48 on the method of paired comparisons and + 0.44 on 
the ordar-of-merit method. The average agreement between judges on the parti- 
cular material used when the results of both methods are combined was + 0.46. 


1Mebel Barrett, A comparison of the order of merit method and the method 
of paired comparisons, Psychol. Rev., 21, 1914, 278-294. 
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AN ACCURATE DIFFERENTIAL COLOR MIXER `° ^^ 
a . m By FonnEsT j Dane Druck, Hobart College E pus NE x 


The differential color mixer, on- which the proportions of iwo or moro colór i i 
disks can be changed while the machine is in cperation has long been a favorite . 
device for color demonstrations? There are several forms of the instrument on. 
the market which carry from 2-6 independently variable disks. In the main,” l 
however, the shifting mechanisms introduce considerable errors 60 that only the 
approximate amounts of exposure of the color disks at any moment can Ee read 
from‘the scale. A machine of this type, which we have built in the Hobart. Labora- 
tory, was designed with precision in view. Only two disks are carried by this ro-, 
“tator. Each is-fastened to the end of one or the other of two hollow steal shafts’ - 
about 12 in. in length which fit one inside the other. The outer shaft is mounted’ *.: 
at the ends in ball bearings and is driven by a belt from a 1/6 h.p. motor. Two; 
parallel slots, 1,/8 in. wide, exactly 9 in. long and directly opposite each other, run 
through the middle lergth of the larger chaft. In the smaller shaft is a ‘similar 
pair of slots cut in a spiral that makes exactly one revolution in 9 in. À'1 /8.i in.. ^ 
hardened steel pin passes through the four slots and is carried in the end 6f a>. 
^ third steel tube that runs inside the smaller shaft. As this third tube is pushed ui 
72 or pulled out, thus changing the longitudinal position of the steel pin, the relative - 
et positions of the two shafts and their corresponding disks are changed. , The "steel, - 
': pin drives all threé shafts together. The rear end of the tube that carries.the pin” pA 
is held in a thrust bearing. A 1/2 in. steel rod, threaded 18 turns to the inel, i 
passes through a nut in the thrust. bearing mounting and into the pin tube. “The ax 
other end is held &gainst end motion in & ae in the rear support and £ B fur." : 
nished with & crank. , T n 
s . .We followed Zimmerman’s method of idis the color disks to the shafts.” 

. On the front end of the lerger shaft is mounted an aluminum plate 14 cm. in liam.. r 
and 1/2 in-thick. : Near the periphery is a clamp 3 cm. long for attaching & color. 
^disk. The center of the plate i is recessed to a depth of 9/32 in. for. à diame:ér. ‘of 7 

L4 in. thick which is attached to the end of the &maller'shaft. The smaller. plate . 

“is fitted with a clamp like that on the larger and an arbor similar to the ordinary" | 
one used for holcing colcr disks, save that it does not ‘screw down tightly upcn the © j 
color disks but holds their centers in place, at the same time permitting them to T v 
move freely. The advantages of this instrument lie in the double slot and inthe, i, 
E , dimensions of the screw. The close fitting pin acting in two places reduces lost -< 
. à ,. motion between the two shafts to a practical sero. Any setting can be’ ‘duplicated ; 
"Qe Bí with an error of less than 0.5°. The ratio of the Screw (20) to the length. of the ' 

i plots (9i in.) gives 180 turns to a complete 360° shift of the disks or one turn to - a 


at 


Ud 


T E T every 2°. Since the hardle of the screw can easily be set by quarter turns, steps ^ 
. 3of 0:5 "ean be made. Adjustments of thia size adi: been mado throughout ve ; M 
cu a EL io B ner age t 
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iuis range and have been found to be as accurate as could be measured with & 
protractor. ‘The necessity for making 180 turns of the screw to go from all of one 

: disk to all of the other can be obviated by using a split nut in the thrust. Bearing 
" and providing proper means for opening and closing it P dE to whether or not 
the acrew adjustment is to be used. - 


— HUMAN MÁZE o 


U^: . . By Leon B. Barer, Ohio Wesleyan University: -` > 





"a 


The salf-recording human maze described here is an outgrowth of & peg maze 
devised by J. F. Shepard at the University of Michigan." The added features which 
make porsible the automatio recording of objective behavior in the maze learning 

.-process are set forth in the accompanying line cut. The apparatus is mounted on 
a laboratory table. At each end of the table is a transverse track made of angle- 
iron on which the whole assembly moves on the larger carriage from side to side. 
The smaller carriage moves lengthwise on the larger one. In this way means are 
. providec for rotating the maze regardless of the eccentricity of the point selected 
. .in the maze as a center for making a turn. 
5^ 7 Astetionary screen constructed of ordinary ion prevents S from seeing 
‘the plan. of the maze but provides him room to reach forward in order to move the 
Inaze as he finds it necessary for operating the apparatus. S acquaints himself 
_ with the maze by looking through a fixed periscope which has a visual field with a 
“diameter slightly more than the width of a single alley. 
- Toran the maze S starts with ‘A’ in the periscopic field. He draws the appa- 
ai ad ich Guill le seaclies e tura d the alley. At this time S steps on a foot- 
‘treadle which forces a sharpened metal peg through & mounting in the table-top 
E Sand int» the bottom surface of the maze disk, thereby holding the visual field az 
=the poiat of entrance to the next alley as the turn is being made. The Ss repori 
“that by restricting all movement through the alleys to movement toward them, 
i ‘they, derive & persistent impression of actually walking or progressing up the path- 
= ways until they arrive at the end, B? `~ 
.' A paneil | of marking pen which is set up on the second large disk marks out the 
exact pathways. which are resorted to in the series of attempts to learn the true 
"path. E 

Q^ The &pparatus has the following "— 9 over the other human mazes. 

"ls D It records objectively and permanently all errors by registering the direction 
> of the >ath taken at any-point during a run, the extent of all deviations from the 

_. true path, the persistence of errors in a series of runs, the elimination of errors as 

` learning takes place, the exact distance covered in each run. (2) It can be used 
P for any type of inase pattern which can be drawn on coórdinate graph paper. 
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A SIMPLIFICATION OF THE RvoxaicK-PArrEpson Non-PoLARIZABLE ELECTRODE 


In the course of zetting up apparatus for the galvanic reflex, we decided to 
utilize the electrodes described by Ruckmick and Patterson." Since we were in- 
expert at glass blowing we appealed to the Department of Chemistry far assis- 
tance. While waiting-we fashioned some substitutes in our own shop that have ` 
proven equal in every respect to the more: a forma of Ruckmick and 
Patterson. 

We took two thistle tubes with long stems (30 cm.) and bent the stem of each 
tube at about the middle into a U’ go that the end of the stem was brought up 
elose to the top of the funnel. The ‘U’ was filled with mercury to the bottom of 
the bowl. In all other respecta, we followed Ruckmick's directions. The advan- 
tages that we have to urge for our modification are: (1) the ease of construction, 
(2) cheapness, and (3) the smaller change in level of the liquid, when the finger is . 
inserted, due to the size and shape of the thistle tube. 

" Hobart College Forrest L. Danock 

i ALGER L. Apams 


A MODIFICATION OF THE DALLENBAOH Hmat GRILL 


The copper tubes used in the construction of the Dallenbach. heat grilli 
are small (1/16 in. bore) ec as to bring the two systems of the grill in close iuxta- 
position and thus to stimulate differentially narrow and closely integrated areas of 
the skin. This construction meets the requirements of stimulation but it doss not 
yield a flexible means of varying the stimulus-temperatures. i : 

The temperature of sach grill-aystem, it will be recalled, is sonal by fcreing 
water, by means of pressure from the mains, through copper coils immersed in 
constant temperature water-baths (hot or cold) and by varying the water's rate 
of flow through each system. Because of the small bore of the grill-tubes, the 
limits to which the stimulus-temperatures may -be changed by this means is 
small. If these limits are to be exceeded, the temperature of the water-baths must 


be changed. This alterstion is not only time-consuming, but it requires delicate 


adjustment of special thermostatic apparatus. In order to avoid these complica- 
tions the grill described here was constructed of M in. tubing which was rolled. 
flat so as to give a bore i16 x 4 in. pe Cone On WAS Cree SH VOUS 
older form. 

The larger bore of the grill-systams of the modified apparatus allows a —] 
volume of water to pasa through the tubes &nd hence increases greatly the limita 
to which the stimulus-temperatures may be varied. Indeed, it is possible with 


- this modification to obtain the range of temperatures desired merely by varying - 


the rate of flow through baths of boiling and salted ice water. Since the tempera- 


ture of these baths is constant, thermostatic controls are not required. 


Columbia University : MxavzgR Koor 
!C. A. Ruckmick and E. Patterson, A simple non-polarizing electrode, this 


- JOURNAL, 4I, 1929, 120. 


2 For a description see N. C. Burnett and K. M. Dallenbach, The experience 
of heat, this. JOURNAL, 38, 1927, 419. 
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NOTES AND DISCUSSIONS 


VOCATIONAL COUNSELING: 'lHm INTEREST INVENTORY- - 


Groups of men who are engaged in certain occupations sometimes have 
charactexistic likes and dislikes which distinguish them from groups following 
other occupations. Although the careful student of vocational and occupational 
interests is loath to overgeneralize this fact, immature persons who are trying to 
decide upon their life work are likely to gain the impression that this finding is of 
great significance. Students occasicnally believe that they may employ a voca- 
tional inzerest inventory to determine, with a fair degree of accuracy, whether they 
should ar should not enter a particular occupation. And the adviser often places 
unwarranted emphasis upon the alleged interest of the student. This practice has 
definite imitations which will be discussed briefly in this paper. 

` Searching for “psychological types.” It is interesting that long efter a psycho- 
. logical concept has been discarded, it often survives in disguised form. For ex- 
ample, £n spite of the recognition of the general applicability of the normal distri- 
bution surface, some investigators continue to speak and to write in a manner | 
which chows that they are still thinking in terms of bi-modal or multi-modal 
distribctions.* Certain psychologists, dealing with vocational and occupational 
interest, apparently believe that they have discovered several types of workers; 
e.g. those interested in people, those interested in things, and those interested in 
ideals. Such a threefold classification is obviously arbitrary; it is also invalid, if 
it is applied generally, for most individuals are interested in people as well as in 
things, and also in ideals! - 

To the present writers, unguarded optimism with reference to the practical 
applicetion of the vocational interest inventory is comparable to the early attempt 
to adapt instruction to the needs of “eye-learners’”’ and ‘‘ear-learners.”. Group 
differences are magnified; similarities are minimized and often overlooked entirely. 
By sel»cting those likes and dislikes which differentiate groups in several occupa- 
tions (and neglecting the large number of likes and dislikes which members of the 
various occupational groups have in common), the illusion’of "types" is created. 
It may well be that at some time in the future this search for types will prove 
profitable (scientifically) and that the type theory will yet receive verification in 
the hends of competent investigators. Nevertheless, until the evidence is at hand, 
the fect cannot be too strongly emphasized that the burden of proof rests upon 
those who continue to believe in the existence of psychological types. 

Adult interests ve. youth's potential interests. The scores on the vocational in- 
teresi inventory show how nearly a person's interests coincide with those of the 
average mature individual successfully engaged in particular occupations. The 
value of this information to the vocational counselor résta upon the validity of 
the assumption that the individual’s interests, preferences, likes and dislikes, are 
somewhat constant factors which may be measured and labelled before the indi- 

vidual has reached maturity, and also before he has had occupational experience. 
This assumption disregards the fact that motivation modifies and indeed creates 
interests. According to Woodworth, “almost any object, almost any act, and par- 
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ticularly almcst any process or change in objecta that can direct one’s.own activity 
towards some definite end, is.interesting of its own account, and furnishes its own 
drive, once it is fairly initiated.” 

Assume that mature, experienced —— in one group do have preferences . 
and inclinations which differentiate.them sharply from those in other occupational 
groups. Does it follow that as youths these workers possessed their present stock 
of interests? Hardly! The occupational knowledges possessed by various kinds 
of workers probably differentiate occupational groups—even more sharply than 
do the characteristic likes and dislikes. It is hazardous to use testa of occupational 
"knowledge to identify potentially suecessful workers, for the knowledges sre to a - 
large extent the result of acquigition. Woodworth’s assertion (aswell as common 
82nse) suggests that most interests are acquired. Surely, successful endeavor is one 
fact of great importance in creating occupational interest. It is extremely unlikely 
that the chaotic and frequently undirected activities of growing youth will lead to 
interests that have much bearing upon occupational fitness or success. 

- It will be of interest to trace the genesis of one occupational interest. A sales- 
man tries to sell certain products. He calls on his prospective customers week 
after week. In the course of time he becomes accustomed to meeting and dealing ` 
with people. He becomes ‘interested in people,’ e.g. his prospective customers. 
Does this suggest that his interest in people is due largely to the fact that he is, by 
original nature, or as a result of early experience, "interested in people"? Hisin- 

. terest is likely to be ulterior, and often it is clearly acquired. Of course, ohe may 
. become habituated to associating with people, and therefore one may acquire 
& genuine ‘interest’ in people. It is more probable that the interest in reople 
is not a general interest or a true reflection of innate sociability. The sociability 
is likely to be the reflection of.a habituated response from necessary contact with 
certain people. It is therefore misleading to point to certain prospective workers 
catalogued as those interested in people. It is extremely likely that many, if not 
most occupational interests, are acquired as correlates to particular occupational 
endeavor. Prediction of these adult interests would be therefore unlikely from a 
study of the reactions of these persons in youth. | 

^ The origin and the derivation of ‘interests.’ In connection with the preceding 
analysis of the development of interesta, the following queetion is pertinent. What 
is it that initiates and directs vocational interests? A partial answer is given by 
Douglas Fryer, who studied the interest histories of forty superior adults, and 
listed five general causes of the development of interesta. 


“First, perhaps, is the economic cause, which is seen in almost every litat 
‘Vocations are determined, which are very happy pace by. ier fact that ey 
minister to the vital needs of life. A second cause. possib y oe y important, i8 
the chance stimulation of the environment. Interests are e by the fact that 
the individual has chance contact with certain objects and activities. A third cause, 
also equally apor ann, Ad the one moat often mentioned in these histories, ‘s a 
posue OE or oven d older than the subject. who suggest a line of develop- 
men;.... in ce as & determiner of interests has, it would seem, 
been i ud In in the understanding of the development of interests. Fourth, as a 
causative factor, is the general motivation of the individual to be recognized amo 
his fellows. This is an obvious cause to most clinicians. The intrinsic factors o 
an interest seem less important in most of these histories, but they constitute a ' 


*R. 8. Woodworth, Dynamic Psychology, 1918, 202. 
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eral cause in the development of interests. . . . it will usually be observed 

dt drin pbi of a vocation, the general motivation to be somebody in relation 

$ one's telows, is equally important. . Generally, intrinsic interests seem not 

ag strong causative factors i in the development of the interests. of these sub- 
jec 

Fryer states that economie need &nd the desire for Social recognition are ex- 
tremely important determiners of vocational interests. Chance stimulation of the 
environment and the example of influential friends also are actuators of interest. 
Possibly tnese causes of ‘interests’ explain in part why scores on the interest inven- 
tories ordmarily fail to show any marked correlation with measures of occupational 
success. -n many instances, particularly among young workers, the interests de- 
velop wita experience, chance relationships, and countless other environmental 
factors. These factors are difficult to anticipate, and therefore they are seldom 
^ represent-d in the interest inventory. 

"Interest! scores as predictors of future success. Certain early investigators be- 
lieved that interests might prove indicative of ability and therefore might be 
valuable >rognisticators of occupational success. Nevertheless, vocational interest 
scores shew practically no correlation with degrees of vocational success. Ream 
administered the Carnegie Interest Inventory to groups of successful and unsuc- 
cessful seleamen.? The scores were ascertained for the successful and for the un- 
successful, and differential Bcore patterns were established. The experiment was 
repeated with a new group of salesmen, but the differentiation could not be 
similarly established from the scoring pattern. 

: Craig made a comparable effort to differentiate between successful and un- 

successful saleswomen.! Excellent differentiation was obtained within the pri- 
mary groups; a scoring key was then devised. When a control group was studied 
similarly, the scoring key failed to differentiate the successful from the unsuccess- 
ful. Freyd tried to distinguish between successful and unsuccessful salesmen,* and ~ 
he obtained results similar to those of Ream and Craig. Kornhauser attempted to 
distingush successful from unsuccessful college students by studying their in- 
eresta.© His attempt also was unsuccessful. 

For ~he occupations that he has thus far studied, Strong reports a negligible 
coefficient of correlation between degree of vocational success and vocational in- 
terest score.” Garretson,* who worked with ninth-grade boys, reports that “little 
relation.hip exists between the degree of preference for and ability in a curriculum 
as measared by objective tests of curricular aptitude. The range of coefficients of 
correlat-on between preference scores and measures of curriculum xu is +0.190 
3-.055 $0 —0.304 + .52."* 

er, The Measurement of Interests, 1931, 413-414. 
M J. dott to Sell: Its Relation to Certain Aspects of Personality and 


sag grag 1924 ota) 4748 
e preference-interest questionnaire in selecting retail sales- 
es D; Pe ul Hesearch, 3, 1924-1925, 366-374. 
‘M. Peya, Selection of promotion salesmen, - Personnel Research, 5, 1926- 


1927, 112-1 
A o ornhauser, Results from & uegtidhnaire of likes and dislikes used with 
a gour of college freshmen, J: Ap. Mie ke: II, Ac EL. 
TH. K. Strong, Jr. AE Lu eia lan 1930, 6 f. 
$0. K. Garretaon, "Relatio pe between sie references and curricular 
abilities of ninth grade boys, Teachers Coll. Cont. Educ, 396, 1930, 72. 
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These data show conclusively our inability to distinguish between siccessful _ 
and unsuccessful individuals by means of the present-day interest inventories. 

Of course this situation may not obtain for all kinds of work and workers. 
Group interests may some day be identified which will differentiate successful 
from unsuccessful workers within a particular occupational field. Nevertheless, 
it seems to the present writers that the burden of proof rests upon those who 
assume that interests are highly indicative of ability. 

The interest inventory and the high school pupil. In view of the foregoing data, 
the writers believe that it is unwise to give boys of high school age the impression 
that they may follow their present inclinations to ultimate advantage. In some 
instances such a policy might be justified by the results. In a far larger number of 
instances it probably would not prove fruitful. In. the growing individual, in- 
terests and inclinations are not constant factors; they are subject to change. 
Abilities not yet tapped may be the potential sources of new interests and inclina- 
tions. Moreover, intansity of effort during the initial periods of almost any en- 
deavor is likely to be accompanied by dissatisfyingness. Later the activity iteelf 
may furnish the stimulus to further activity, but the initial periods are frequently 
attended by dissatisfyingness. This is particularly true in the initial periods of 
developing a skill, but it is probably true also in the case of the young worker 
when he is becoming adjusted to his life work. There are also many vocational 
interests which are trensitory. Indead, it would be difficult to find a characteristic 
of.8 growing boy more subject to change than his vocational ambitions. 

-Many recognize the fact that interests often are transitory, and that our pres-. 


-ent stock of guidance devices are inchoate. For example, Strong states that he 


has obtained no data for high school boys,’ and that it will be many years before 
the validity of employing his inventory for counseling high school youths can be 


. determined.'? 


hil 


Strong therefore urges caution in the use of his inventory. Nevertheless, the 


“interest inventory is now being used occasionally by optimistic and over-enthusi- 


astic counselors. In his recent book, How to Find the Right Vocation, Kitson 
describes how the device may be employed. | 


“The test [the d inven irent ] has been given to workers in about thirty 
occupations and count has e of the frequency with which the workers in 
a single occupation, such 2s accountency, prefer certain in the list.. Then 
s is es to a boy just being graduated from high school or just entering college. 

and dislikes aro then compared with th those of the persons in these thirty 


A do Dec al ote If he likes the same things as those liked by the accountants, 


he is encouraged to enter that oscupation. If, however, his li correspond | to 
those of physicians, he is encouraged to enter medicine." u 


Although Kitson mentions some of the limitations of the interest inventory, 


he does not present the limitations in such a way that proper caution will be exer- 
cised by those who are trying “‘to find the right vocation." 


The Vocational Interest Quotient (V.I.Q.). There has recently come to the at- 
tention of the writers a device for ascertaining pupils’ Vocational Interest Quo- 
tients (V.I.Q.). The Manual of Directions that accompanies this device contains 
the danda: — statement. 


Op. cit 10 Op. 
HH, D. ikitaon, How to Find the Righi Vocation, 1929, 134. 
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“For a number of years, I have sought to devise a convenient measure of 
vocational interest that would be as helpful in its field as the I.Q. has been tn mental 
“testing. MEy investigations have resulted in the invention of the Vocational Inter- 
est Qoa (V.I Q ) and I feel that these have now been carried far enough to 
warrant psaciical use of the device and to invite wider coóperation in further 
establishing tis usefulness" (italics ours).4 


In the udgment of the present writers the foregoing attempt is at present’ un- 
warranted as well as injudicious. It is rather commonly charged that the psy- 
chologist cften presents new concepts or laws before he has verified them. The 
use of the V.I.Q. seems to be an instance of presenting & new method (which will 
have signticant social consequences ii it is used) before it has been thoroughly 
tested. Why should the V.I.Q. be put to “practical use" before its usefulness has 
been thorcughly established? Certainly, the present writers have been unable to 
find evideace which shows any significant relationship between V.I.Q. scores and 
anything clse of significance in demonstrating the validity of the device. 

Other aspects of the V.I.Q. merit attention: the similarity of the names, I.Q. 
and V.I.QL, and the attempt of the author to imply similarity between the two 
measures. The symbol I.Q. is of course widely known and its significance is gen- 
erally understood. The novice may assume that the I.Q. and V.1.Q. are alike in 
many respects. Perusal of the V.I.Q. literature reveals that this supposition has 
no basis ia fact. For example, the I.Q. represents ability that is largely native 
and relatively constant or stable. The I.Q. therefore makes certain kinds of pre- 
diction pessible. The V.I.Q. probably does not reflect native as contrasted with 
acquired zbilities; the constancy of the V.I.Q. pattern certainly has not been 
demonstreted; the individual has not one but several. 

The writers do not intentionally belittle sincere and honest en in any 
field whatsoever. What the writers do object to is the “practical use” of a tool, 
the validizy of which has not been demonstrated scientifically. The Manual of 
Direction: instructs the examinee to compute his V.I.Q. for the occupations in the 
booklet.4 He should then “rank his V.I.Q.'s in descending order and consider 
most sericusly those occupations that are in the upper quarter of rank.” 

Even -he novice in psychology must realize that the suggestibility of pupils 
would nuify much of the validity of data obtained'by such a procedure. Asa 
research tool the vocational interest inventory has a legitimate place; the present 
writers submit that, in our present state of knowledge, its “practical use” is a bit 
prematurs. 

Ohio University Harvey C. LEHMAN 


Northwestern University ,. PauL A. Wirry 


Tux» INTENSIVE Factor IN ran LOCALIZATION OF BOUND . 


The purpose of this note is to suggest a possible means by which dichotic 
intenaity-lifferences mediate localization of sound by virtue of their reduction to 
time-differences. If we assume the essential identity of phase-differences and time- 

BH. W. Hepner, Skilled Trades d Men: Directions for Finding Your Vocational 
Interest Qeiotients (V.I.Q V Dont 1931, I. 

UVHepmer, Manual of Directions for Counselors Using Vocational Interest 
Quotient Booklets, 1931, 4. 
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"differences, as stated by Boring,! all localization of sound might then be supposed 
to depend ori s single, peripherally effected criterion. 

^. If the fibers of the basilar membrane vibrate in resonance to a given imposed 
frequency, we may follow Banister's? suggestion that nerve-impulses in the audi- 
tory fibers are initiated when, as far as the cilia are concerned, a certain phase of 
` their cycle has been reached. Perhaps it is more accurate to say, with Troland,' 
that the liberation of the nerve-impulses takes place at a more or less definite 
magnitude of displacement of the basilar membrane. The movement of the basilar 
membrane would then be correlated with a variable amount of tension or pressure 
on the hair cells. Hartridge* thinks that impulses are initiated during the down- 
ward movement of the basilar membrane, a belief which implies that the threshold 
of stimulation corresponds to & more or less fixed amount of tension on the hair 
cells. With very weak intensities the displacement of the basilar membrane 
would be insufficient for the requisite tension. With great intensities, however, the 
basilar membrane would continue to: move efter the threshold tension had been 
attained. When a sound is just audible, we may suppose that the threshold ten- 
sion is reached at the point of maximum displacement of the basilar msmbrane, 
whereas in the case of intense sounds the threshold must be reached before the 

peak of the cycle. 
' The process outlined thus far iB € by Troland’s® conception of tlie - 
initiation of the series of temporal differences responsible for the curvature in the 
neural wave-front, which he presents as the neurological correlate of the experience 
of tonal brightness, The center of the displaced strip of basilar membrane moves 
most rapidly and stimulates hair cells soonest. From the center towards either 
end of the displaced area, movement of the basilar membrane is progressively . 
slower, and impulses are initiated progressively later in the cycle. It seams that 
this notion is capable of a further extension. When frequency is diotie and in- 
tensity dichotic, a certain fiber or group of fibers in the more intensely stimulated 
, ear must initiate impulses prior to any of those initiated in the less intensely 
stimulated ear. In this way dichotic intensity-differences are correlated with dif- 
ferences in time., 

This conception may bë invoked to explain the superiority of dichotic phase~ 
. differences ovér dichotic intensity-differences in auditory localigation. In the 
case of intensity-differeríces there must be a s»ries of time-differences correspond- 
ing to the wave-fronte in both ears. In other words, the differences of times include 
more than those of the hair cells responding to maximally displaced basilar fibers 
.. in both ears. The spacing of the temporal factor might well reduce accuracy of 
localization. 
If, as Hartridge thinks, the hair cells are stimulated only during the dcwnward 

movement of the basilar membrane, it follows that the upward movement is lost 


if. G. Boring, Auditory theory with special reference to intensity, volume, and 
localization, this dou: 37, 1926, 164-173. 

?H. Banister, A a on towards & new hypothesis regarding locelization of: 
sound, Brit. J. Psycho 17, 1926, 142-153 

L. T. Troland, ‘The psych chophysiology of auditory qualities’ and attributes, 
J. Gen. Psychol., 2, 1929, 28-56. 

«H. Hartridge, À A vindication of the resonance hypothesis of adition; Brit. J. 
Pinel I2, px 362-382. 

Troland, op. Cit., 47-51. 
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in go far a3 excitatory effectiveness is concerned. The limit of time-variation de- 
pends on the amount of displacement necessary for excitation. Assuming that the 
limiting points are the position of rest and the position of greatest downward 
movemens of the basilar membrane, 14-wave would be available. But this is a 
minimum, since the hair cells in their Testing’ positions might be past the points of 
discharge Adaptation would prevent response of the hair cells in their ‘resting’ 
positions, but the level of adaptation might well change, so that with continuous 
stimulation the limiting positions could conceivably become the maximum upward 
and the maximum downward displacements of the basilar membrane. In this way, 
14-wave night become the outside limit of time-variation. 


It must. be admitted that the establishment of a temporal gradient as the es- 
sential fector in auditory localization would complicate the conception of brain 
events. Boring! has argued for the relation of conscious dimensions to the physical 
dimensicns of brain processes. An intensive shift in the brain may be correlated 
with a spatial shift in the excitatory mode, and seems natural as the ground for a 
change in localization. With time-differences as the primary criteria, it becomes 
necessar; to translate them somehow into spatial dimensions. Nevertheless the 
establishment of concomitant time-differences with differences of intensity does 
not crease any essentially new theoretical difficulties, since any assumptions con- 
cerning «ortical events with dichotic phase-differences and time-differences may be 
extended to account for the time-factor derived from the intensity-factor as sug- 
gested im this paper. . 

Tufts College W. A. BoUsstm» 


Tes PRoaRzsServE-WEIGHTS TEST or SUGGEBTIBILITY WITH ADULTS 

A litted-vreighit. test devised by Binet for measuring suggestibility in children! 
was adapted by the writer and. given to 187 Ss in the Ozark highlands. The S3 
were drawn from a region divided occupationally between agriculture, commerce, 
manufacturing, and mining, coming from every size of community, from open 
country to a city of 35,000. The age-range was 17-55 yr., with the mean at 30. 
There were 90 men and 97 women. Social and economic backgrounds varied 
widely, occupations ranging from unskilled labor to professional service. Ten 
(5.5%) had less than an eighth-grade education; 42 (22.5%) had completed the 
eighth zrade; 84 (44.8%) had had 1-4 yr. of high school; 6 (3.2%) had technical 
or professional training. The Ss therefore form & representative sampling of the 
local population, within the age range get. 

Before submitting to the test, all had marked a ballot on matters of belief ard 
opinion in religion,? and had worked with a line-length test. ^ None were familiar 
with tae psychological laboratory and ita methods, a high percentage were sus- 
pieiour. of anything resembling a clinic or operating room, and in preliminary ex- 
perimentation many showed that they suspected magic or trickery. The ‘weights’ 

‘Boring, The phe of coon i QW n 2M 932, 32-39. 

14. Binet, La suggestibilité, Bae eh. iv. e, Manual of Mental 


and Physical pear I os (3rd ed.), vol. 2, SS 
See P. R. Stevick, A sampling of Ozark creeds, Mountain Life and Work, 7, 


1932, 20-2 
Whipp e: op: op. ctt., 242-246. 
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test wis therefore given in the home or place of employment, on any table or 
counter or work-bench of the right height (30 in.) available. 

A set of 15 weights, identical in aize and appearance, with the exception of con- 
gpicuous numbering 1-15, were used. The first four weighed 20, 40, 60, and 80 
grm., respectively, the remaining eleven weighed roo grm. each. They were ar- 
ranged in sefial order, with No. r at the left, and about 2 em. between weighta. 
While they were being arranged, E took care to exhibit the brass end, showing 
that the shell was a cummy. He also called attention to the identical size, Phaps, 
and color of the weignis | and to the number at the top. ` " 

The instructions to S were as follows: 


What I want you to do is to lift each one just once, like this (here E b lift- 
rh reete one at a time °), and as you lift it you are to tell me whether it is heavier, 
lighter, or the same £3 oe (by this time had lifted the first 
four weights). Do you see? You lift Sie Pus once (here E demonstrated a 
second time) and as rou lift it you e me it is heavier, lighter, or the 
game as the one just before it. 


As each weight was lifted, S's report was recorded. If he hesitated he was 
asked, ‘What is your first guess?” 

The number of ‘heavier’ Judgments after Weight 5 until a ‘same’ or ‘lighter’ 
judgment broke the progressive series constitutes the score. Only 3 Ss, a chemical 
. engineer, a -dairyman, and a library desk clerk, judged the entire series correctly. 
The frequenciea for scores 0-10 are 116, 35, II, 8, 3, 3, 2, I, I, 1, 6. Sixty-two 
. percentage (116) show no signs of a suggestion of progressive increase. Only 
about 20% register more than r scor3-point in suggestibility. Failure oi the teat 
to yield anything approximating a normal distribution indicates its extremely 
limited value with untrained adults. The r, moreover, for correlation with a 
measure of feeling of conformity to majority opinion on religious belief is — 0.007. 
This is in line with recent research, which points away from such general traits as 
suggestibility. | 

Ozark Wesleyan Ccllege jo PAUL R. BrEYICK 


Tan MasgrnROD or SingLe STULI 
- An increasing interest in absolute judgments and absolute methods makes it 

desirable to revise the terminology used in discussing these judgments and 
methods. The following terms have emerged from a consultation with Professors 
E. G. Boring, S. W. Fernberger, and C. C. Pratt. 

(1) Upper category: those reports which will surpass the other reports in 
frequency if the stimulus-magnitude ir sufficiently increased. 

(2) Lower category: those reports which will surpass the other reports iu fre- 
quency if the stimulus-magnitude is sufficiently decreased. 

(3) Intermediate category or categories? those reports which will dedine in fre- 
quency as the upper category increases on one gide, and as the lower category 
increases on the other, 


Two principal references are: E. G. Wever and K. E. Zener, 'The method of 
&bsolute judgmerta in psychophysics, Psychol. Bero 35 1928, 466-493; B. W. 
Fernberger, On absolute and relative judgments i in weight experiments, this 
JOURNAL, 43, 1931, 560-578. - 
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(4) Lemen, with the symbol L: that value of stimulus, arrived at by inter- 
polation, et which the probability of any given report except an intermediate 
report equals the summed probabilities of the other reporta. 

(5) Upper limen, with the symbol Ly: the limen oi the upper category. 

(6) Lower limen, with the symbol Ly: the limen of the lower category. 

(7) QCGmnirci interval, with the symbol CI: Ly ~is taken without regard to 
sign. 

(8) Foint of symmetry, with the symbol PS. Experimenters must choose 
between tae following definitions: 

(a) tae mean of the upper and lower limens, (Ly --Lz)/3; 

(b) i, the point at which the psychometric functions of the upper category 

and the lower category intersect; 

(e) tae mean of the distribution of reports in the intermediate category; 

(d) ihe mode of the distribution of reports in the intermediate category. 

(9) .fethod of single stimuli: any psychophysical method in which a report 
follows tLe presentation of one atimulus only. 

The fest aix definitions apply to the method of constant stimuli or to the meth- 
od of constant stimulus differences. Lis Urban's S. Central interval corresponds ` 
to tnterocl of uncertainty in the method of constant stimulus differences, and the 
definitior is the same; it seems best, however, to avoid the term uncertainty be- 
cause it B not clear what that term would mean in an absolute method. Point of 
symmeirr? takes the place of point of subjective equality, because eguality has no 
meaningin an absolute method. Formulae for calculating PS are given elsewhere.4 

A psrchophysical method may be designated either by the process of judgment 
which ths observer is believed to use, or by the general arrangement of stimuli ap- 
propriats to the method. There may be disagreement about the former, but not 
about the latter; hence method of single stimult seems better than absolute method. 
Method of single stimuli quite properly includes the method of constant stimuli, 
which i: used in determining stimulus-limens and terminal limens. Absolute 
judgmert and absolute method are misnomers if absolute is opposed to relative: an 
absolute judgment upon one stimulus is not independent of similar judgments 
upon preceding stimuli, and absolute judgments are accordingly relative to other 
' absolute judgments. But absolute has a proper meaning if it is opposed to com- 
parative an absolute Judgment need not involve a comparison of the given stimulus 
-with some given preceding stimulus. In this sense, terms such as absolute judg- 
neni, a2solute. impression, absolute series are held to be admissable. 

Harvard University JOHN VOLEMANN 

*Th> substance of several of the definitions is taken from E. G. Boring, Urban's 
tables £nd the method of constant stimuli, this JoURNAL, 28, 1917, 280-293. 

‘Tics term has already appeared: 8. W. soceri aei Time relations for the 
differert categories of sademant d in the ‘absolute m d' in psychophysics, this 
JOURNAL, 44, 1932, 509. 

‘Boring, op. cit., 288 f. 

IC. 8. M has used the term method of single exposures to designato an 
-absoluse method: Tert-book of Experimental aad $ , IQII, 306 f. 
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Tre SEVENTH ÁNNUAL MEETING OF THE MIDWESTERN 
PSYCHOLOGICAL ASSOCIATION 


On Friday and Saturday, May 13 and 14, the University of Indiana et Bloom- . 


ington was host to the Midwestern Psychological Association during ita seventh 
annual meeting. The meetings were largely attended and a wide geographical 
distribution of states was represented. Professor Herbert Woodrow, Head of the 


Department -of Psychology at the University of Illinois, served as President. - 


There were seven sectional meetings during which 36 papers were read and dis- 
cussed and 15 laboratory reports were given. These papers had been carefully 
selected by the Program Committee from among three times that number which 
were offered. Besides these reguler sessions there was & symposium on learning, 
which was held on Friday evening under the chairmanship of President W. L. 
Bryan of the University, who also served as toastmaster at the annuel dinner 
which was held &t the Memorial Union Building on Saturday evening. The De- 
partment of Philosophy invited the members to a lecture by Professor E. 8. 
Ames (Chicago) on “Imagery and Meaning in Religious Ideas” held on Thursday 


evening. The annual business meeting occurred on Saturday afternoon. The . 


principal items of business were the reporta from the Council, from the Nominating 
Committee, and from,the secretary. It was decided to accept the invitation of the 
Towa State College at, Ames for the next meeting to be held preferably during the 
first week of May, 1933. The Council of the Association attended a dinner on 
Friday evening after which a short business session was held. The Committee of 
Fifteen on the first course in psychology was represented by nine members and 
met on Friday morning to discuss the reports of its sub-committees. Professor 
J. P. Nafe was elected to the general committee to fill the vacancy causec. by the 
death of Professor A. P. Weiss. P 

'The Psi Chi National Honorary Fraternity held a fonum on Friday noon. 
President and Mrs W. L. Bryan invited the members of the Association to tea at 
their residence at the close of the sectional meetings on Friday afternoon. Motor 
trips were also organized to provide members with an opportunity of visitirg some. 
of the scenic landscapes along Hubbard's Ridge in the State Park of Brown. 

County. 

“* The first paper presented during the symposium on ETT was on “Gestalt 


Psychology and Learning” by Professor R. H. Wheeler (Kansas). It was dis-. 


cussed by Professor J. A. McGeoch (Missouri). It was followed by a paper on 
“The Double’ Róle of the Primary Stimulus in Conditioning" by Professor E. A. 
Culler (Illinois). The third paper was presented by Professor J. Peterson (Pea- 
body College for Teachers) on “Some Developments in the Psychology of Learn- 


ing in the Last Thirty Years" to which Professor H. B. English (Ohio State) re- : 


sponded. There was & very lively discussion on the part of the audience, prin- 
cipally of Dr. Wheeler's paper, in Tun Professor C. E. Spearman (London) par- 
ticipated. 

In the first section, over which L: L. Thurstone (Chicago) presided, L. D. 
Goodfellow (Northwestern) compared the'abilit; of the eye, ear, and finger-tip to 
discriminate short intervals of time. Through the use of three psychophysical 
procedures, right and wrong cases, just noticeable differences, and average error, 
he showed that audition geve the smallest differential threshold, cutanecus pree- 
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sure the ne-t smallest, and vision the largest. There were considerable individual 
differences n the absolute thresholds, in the amount of learning, and in the rela- 
tive thresheld values for the different techniques. J. P. Cartzdafner (Ohio Wes- . 
leyan) follcwed with a comparison of thé psychophysical methods. By means of 
the procedtre of average error, of limits, and of constant stimuli and through the 
use of gpec-ally devised apparatus, which was a modified form of Galton bar, he 
obtained 5 oo judgments from 10 Os. He computed the difference-threshold as 
the average transitional point between the ‘just perceptibly different’ and the 
‘just imper-eptibly different’ points.. He concluded that the judgments of equality 
in the congant method are so significant that they should not be discarded; that 
the assumption regarding the limits of the tails in the curve of distribution is valid 
and verifisile; that the differences in the threshold as revealed by the various 
psychophysical procedures are a function of the procedures themselves and not a 
function of the mathematical processes involved; and that within the scope of this 
experimen- the constant procedure gives the lowest threshold values and the 
greatest precision. R. Leeper (Arkansas) furnished ‘‘the evidence for a theory of 
neurologic.l maintenance of states of emotional motivation." He cited examples 
to show that the central nervous tissues, in contrast with the peripheral, may fol- 
low different principles of operation; that the cortex is capable of independent 
maintenance of simple attitudes; that the subcortical structures like the thalamus 
must be capable of persistent independent activity; and that there may be similar 
analogous mechanisms in the cortex for the maintenance of motivation as a result 
of training. J. R. Patrick and E. Rowles (Ohio) reported the effect of various 
stimuli on basal metabolic rate, blood pressure and galvanic reflex. ‘Adrenalin 
and emotion” was the subject of a paper offered by C. Landis (N. Y. Psychiat. 
Inst. & H«sp.). By injecting adrenalin into normal and psychopathological indi- 
viduals he found a wide variation in mental and physiological results. But in 
some casei a genuine pleasant or unpleasant emotional experience was aroused. 
He did nct believe the theory of imbalance of the divisions of the autonomie 
system wes substantiated by his results and that the emotional experience must 
‘always be related to the- entire environmental setting in which intellectual proc- 
esses may also play an important rôle. The session was closed by a paper read 
by E. Jacebson (Chicago) on the electrophysiology of mental activities. By means 
of appara_us developed to measure transient potential differences as small as one 
millioríth >f a volt, he has been able to measure neuromuscular states during such 
mental activities as recollection, and visual, auditory, and kinaesthetic imagina- 
tion. Specific muscles contracted during each type of mental activity investigated. 
Under the chairmanship of J. B. Miner (Kentucky) & parallel section of papers 
opened w-th a study by M. H. Young (Indiana) on clinical psychology in industry 
and the professions. The author is continuing the work begun by her late hus- 
band, Dr. H. H. Young, who laid out an adjustment program with a large indus- 
trial concern. In conjunction with codperating medical experts she has analyzed 
the mental difficulties of 54 subjects and classified their difficulties for further 
psychological study. R. Stagner (Wisconsin) then presented a paper on the 
relationsHip of certain personality traits to academic aptitude and achievement. 
A numbe- of traits, like those of neurotic temperament, self-sufficiency, and domi- 
nance were investigated in connection with academic maladjustments. He indi- 
cated thet stable individuals, very self-sufficient students, and those receiving 
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high scores for dominanoe, achieve academic results that are more close: y related 
"to their capacity than are those found in contrasted groups. H. L. Koch (Chicago) 
next read a paper entitled “A Study in Rating Technique with Special Reference 
to Activity in Pre-School Children.” Fifty pre-school children were observed in 
9 types of pursuits. The author suggested the danger of using a child's behavior 
during one type of occupation as an index cf his behavior during all others and 
she advised the importance of taking interactivity correlations into secoünt. 
Activeness seemed to be influenced in a complex way by room-temperature but 
. not by humidity within the ranges studied. H. M. Williams (Iowa) reported an _ 
analytical study of the expressive use of language by pre-school children. Using 
72 children he found that development occurred along three lines: the skill in thé 
mechanism of speech; the organisation of the sentence; and extent of vocabulary. 
The correlation between scores and intelligence were of the order of 0.6. A scale 
of block constructions for young children wes proposed by M. W. Bailsy (Ohio 
Wesleyan). Working with 44 children, ranging from 2-9 yr. of age, a standardized 
. project of building anything they wished was developed as a graded: series which 
was judged in terms of ro photographs ranked according to the method of equal 
appearing intervals. F, N. Maxfield (Ohio State) next discussed the picture ele- 
ment in certain test material, and raised the question whether several of the 
pusxle-picture tests were not really form teets. He made a proposal involving 
true pictures of the completion type for-very young children. The last paper was 
, read by D. Gohring (Wisconsin) on variations in strength of emotional responses 
in newborn infants. Sixty infants from 1-10 days of age were tested for strength | 
of motor, vocal, and blushing responses measured on a 4-point scale under the 
situation of restraining the arm-activity for 40 sec. and of removal of support by 
jerking the blanket. Motor responses to jerking the blariket seemed to be non- 
emotional righting reflexes in regaining balance; the infrequent vocal respcnses 
were usually only a whimper; and blushing responses almost never occurred. . 
W. F. Book (Indigna) served as chairman of thé third section which begar: the 
afternoon program. F. McKinney ( Missouri) read the first paper on the quantita- 
tive and-qualitative essential elements of transfer. He was concerned with the 
problem of ascertaining how many and what elements of a given original situation 
are adequate to evoke a given response under conditions of transfer. Seventy- 
five associated four simple geometrical forms with four letters of the alphabet. In 
an altered situation in which a graded series of modifications or forms were made, 
the S was asked to write the letter associated with each modified figure presented. - 
_ Transfer was found not to be proportional to the amount of the identical etimalus 
present but it varied with the position of the modified quantity or with its rela- 
tionship to the rest of the figure. The relative retention values of stylus and 
mental maze habits was discussed by R. H. Waters and G. B. Poole (Arkansas). 
They tested the hypothesis that the apparent better retention of motor habits 
than verbal habits is due to the factor of greater over-learning. By rigidly eon- 
trolling the factor of over-learning they concluded that the result was a funccion 
of the relative degree of complete learning. A long report of an experiment on 
learning and time by G. S. Snoddy (Indians) then followed. On the basis of ` 
numerous control situations he came to the conclusion that learning invo_ves 
adaptation to a whole situation and a total set of temporal conditions. Co- 
ordination then becomes an item in a total space-time configuration invclvirg a 
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contraction of these dimensions during the learning period. Learning curves can 
hence be readily fitted by aimple logarithmic equations. Through fractionation 
of the learning period the impression is gained that all of the elements of the learn- 
ing curve 2an be explained in terms of the energy-cycles of thermodynamics. W. 
Schwarzbak (Ohio State) next presented a paper on the influence of variable 
intercyclic intervals on pursuitmeter learning, and a new method of treating learn- 
ing data. By testing 12 groups of a total of 85 Ss with the pursuitmeter he came 
: to the comclusion that some theories of learning wrongly assume an original re- 
enforcement of correct responses with a weakening of this tendency in the course 
of time. His experimenta indicated that under these conditions there might have 
been an cptimal interval of rest between arbitrary practice-units as much as 48 
hr. in length. C. R- Griffith (Minois) discussed a similar problem of maturation 
under the titel of “The Phenomena of Off-season Learning." By measuring in 
successive years the initial, maximal, and final skills of basketball players, tennis 
players, baseball players, and golfers, he concluded that the phenomena of off- 
season learning do not exist and that the increased efficiency after a lapse of time 
in learnirg may be of the nature of better judgment rather than of increased 
technical skill. This section was concluded by the report of an experimental study 
of Thorndike's theary of learning by M. Hayden (Wisconsin). She used 4 pro- 
cedures including the one advocated by Thorndike in order to investigate other 
factors, kesides the satisfaction of E'8 comment which influenced improvement in 
emden EA | 

A parallel section, over which J. R. Kantor (Indiana) presided, was opened by 
a paper on the relative rôles of wave-phase and: acoustic intensity in sound- 
localization cffered by O. C. Trimble (Purdue). By studying the effect of the 
respective factors with tones ranging from 125-7500 d.v. with 4 trained Os he 
discovered that localization on the basis of intensity is more immediate and definite 
than on the basis of phase. . Phase is adequate for tones up to about 1250 d.v. 
This prelominance of intensity over phase is effective even when the former is 
opposed to the latter. In the absence of E. Lindermann (Iowa) his paper on the 
distortion of space perception produced by Cannabis Indica was read by C. A. 
Ruckmick (Iowa). Eight out of 10 Os showed changes in’ perception which in- 
corporated a dynamic relationship between the perceptual changes and the state 
of activity prevailing in other parta of the motor and sensory equipment of the 
individual. His findings discredit any isolated reflex theory involving the central 
"nervous system on the basis of inhibition from higher centers when affected by 
toxic agents. H. F. Schick (Central Inst. for the Deaf) next presented a paper on 
& new interpretation of the action of the sweat-glands in connection with electrodes 
during experiments on affective responses. By means of diagrams the supposed 
contrac-ion of the gland with ita accompanying ejection of excretion in varying 
amounts was made responsible for the changing electrical resistances recorded. 
This paper was defended by M. F. Meyer (Missouri). A paper, by L. S. Wood- 
burne ( Michigan), on the effect of the visual angle on relative depth perception 
followec. In it the author questioned the classical assumption that the size of the 
cbject fixated was negligible in tri-dimensional perception. His apparatus was 
designe1 so that the size of the object could be made the same in appearance no 
matter what the actual distance from the O was. From 5000 judgments he con- 
cluded -hat the size of the visual angle certainly did not give a necessary cue in the 
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accurate perception of relative depth. R. F. Wallace (Ohio State) then showed 
the effect of the distortion of stroboscopic figures due to the relative velocities of 
the stroboscopic figure and the slit that moved before the eye He. proposed and 
checked a formula giving a determination which correlated 0.996 with the empiri- 
cal situation. The last paper in this section, on visual acuity and illumination, 
was given by W. W. Wilcox (Kansas). By devising an apparatus exposing bright 
bars on dark ground end.dark bars on bright ground and providing for an adjust- 
ment of intensity and the physical widths of the bars, acuity was carefully meas- 
ured. This theoretical curve showing variation of visual acuity with Invensiuy 
closely agreed with experimental resulta. 
The fifth session apened on Saturday morning under the chairmanship of H. 
Carr (Chicago) with £ paper by H. F. Harlow (Wisconsin). By means of motion 


pictures he illustrated the fact that social facilitation of feeding in the rat and in 


the Rhesus monkey was independent of learning. A paper on comparative tests 
on a human and a chimpanzee infant of approximately the same age by W. N. 
Kellogg and L. A. Kellogg was also demonstrated by motion pictures. In eight - 
different situations the comparative initial response and rate of learning were 
traced in the chimpanzee and human baby during four and one half months of 
growth in the home under exactly identical conditions. The chimpanzee was 
734 mo. old at the beginning of the study and the human baby 10 mo. old. The 
human did better in delayed reactions and in detouring. In the “cap-on-head” 
test the ape showed marked superiority. There were also distinet differences in ' 
reaction to ice and to rotation. P. E. Fields (Stanford) then reported some visual 


^ discriminations obtained with a new multiple type jumping apparatus. A number 


of patterns were exposed to 84 white rats in 165,000 trials. Figure discrimirations 
were made much more rapidly than in the usual type of apparatus becarse the 
multiple form of presentation forced the rat to use visual stimuli to the exclusion of 
other sensory channels. The functions of the superior colliculi in vision were dis- - 
cussed by J. D. Layman (Chicago). By destroying the superior colliculi the effect 
upon the discrimination of light from darkness and of various types of patterns 
was studied. He found that the extensive lesions made did not destroy visual 
capacities tested. There was some defect, however, in visual functioning as in- 
dicated by the slower formation of habits and in the hesitancy of the rats to jump. 
K. 8. Lashley and L. E. Wiley (Chicago) noted the retardation from cerebral 
lesion in mazes differing in complexity. One hundred and twenty-seven operative 
animals and 60 normal animals were used. No difference was found in the relative 
difficulty of the mazes for animals with slight and those with extensive lesions, 
but a degree of retardation was evident and was best described as an exponsntial 
function of the extent of lesion. H. G. Swann (Chicago) described an apperatus 
for olfactory discrimination in rate, and discussed the reaction of rats to & variety 
of odors under visual, tactile, and auditory handicaps. While it was difficult to 
extirpate the olfactory lobes completely, of the 23 operative animals only 5 jailed 
to show discrimination. There was d complete los of habit, however, followed by 
slow relearning, indicating that olfactory cues were significant. The last paper was 
contributed by E. S. Girden (Illinois) on cannibalism in dogs. In five of sight | 


tested animals aversion for raw dog flesh was shown but was not permanent. 


When dog meat was cooked no animal showed aversion to it. 
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The sixth section of papers running simultaneously with the above was pre- 
sided ove: by A. R. Gilliland (Northwestern). It opened with a paper by E. B. 
Greene (IMiehigan), who tried to secure measures on relative human efficiency 
which shculd compare individuals in terms of method, motive, and fatigue. The: 
results frem various age groups showed a marked difference between easy and 
hard tasks which were explained through subjective reports that indicated very 
little charge in fatigue by numerous changes in motive and method of application. 
The lowest quarter of students changed more and showed more improvement than 
the highest quarter on the easier tasks. But the reverse was true for the harder 
tasks. M.F. Meyer (Missouri) next read a paper on “Oberlin Grades Its Students 
in the Rexistrar's Office." He traced the various stages of growth in the manner 
of marking students but deplored the unfortunate retrogression recently in evi- 
dence at Oberlin whereby for purposes of transferring credits to other colleges a 
ranking crder has been converted into percentages. D. Beise (Ohio) discussed the 
reliability and validity of certain physical tests compared with the reliability and 
validity ef mental tests. She statistically examined 4 tests usually given in the 
gymnasium and disclosed the fact that these tests lacked the criteria of validity 
possessec by such mental tests as the Stanford revision of the Binet series. She 
conclude that tests which depend largely upon the cerebro-spinal nervous system 
for their responses show & higher measure oi reliability than do those whose re- 
sponses £re governed by the autonomic nervous system. In a paper on the effect 
of pre-sciool attendance upon the I.Q., B. E. Wellman (Iowa) showed that pre- 
school atzendance increased the intelligence teat scores. There were greater gains 
over twa years of attendance than over one year; and over three years than over 
two years. Gains took place during the winter months while they were in school 
but not curing the summer months when they were on vacation. The final paper, 
by F. P. Robinson (Iowa), on the réle of eye-movement habits in determining 
reading cffieiency showed that an increase in the efficiency of eye-movements also 
tended to increase the reading ability of poor readers. The groups were matched 
for intelEgence, reading ability, class, and sex, which led to the conclusion that the 
resultan- gains could only be attributed to the factors involved in the training 
techniqve. 

Under the chairmanship of C. A. Ruckmick (Iowa) a 2-hr. session was arranged 
for reporta from the various laboratories. À new procedure called for reports from 
the research workers themselves and under a limited schedule for presentation and 
discussicn. Reports were ready by J. Pessin (Wisconsin), “Effects of social 
stimulation on humen maze learning;” R. C. Davis (Indiana), “An investigation of 
the logs and acquisition of emotional reactions;” P. T. Young (Illinois), “Changes in 
food preferences of the white rat;" H. H. Remmers (Purdue), “Affective selection 
and liberalizing influence of college courses;" H. Woefle (Illinois), “Attitude 
toward -ntelligence tests;” D. L. Bidwell (Ohio State), “An experimental study of 
the learning and retention of paired associates;”’ R. K. Compton (Illinois), “Au 
experimental and analytical study of organic set;" Z. Peel (Arkansas), ‘Similarity 
of form of interpolated learning and retroactive inhibition;" T. W. Forbes (N.Y. 
Paychiaz. Inst.) “A study of sleeping postures of catatonies;" R. W. Husband 
(Wiscorsin), “Comparative motor abilities of athletes and non-athletes;" D. P. 
Boder | Lewis Institute), “Some electronic devices;’ W. F. Book (Indiana), 
“Learning studies;' G. Finch (Illinois), ‘The comparative auditory acuity of 
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dogs and human subjects.” At the close Dr. C. E. Spearman was invited to 
` discuss his codperative research, which he is conducting this year at the George 
Peabody College for Teachers in an effort to bring together under-a simplified 
mathematical formulation various types of mental measurements. "He is seeking 
to prepare the way toward & mutual reconciliation of controversial points of view. 
M. F. Meyer also demonstrated a mechanical device which proved nd a flexible 
artificial lens could change its focal length. | 


University of Iowe Caneran A. Ruoxuice - 


Anton Abran Grihann: 1885-1932 . 


.. Grünbaum turned definitely to the study of psychology aa his chosen field 
-while he was a student at Würzburg in. 1906. For three semesters he worked 
. under Kilpe and preeented as his dissertation for the doctor's degree a detailed 
investigation af the contents and forms of abstraction! He came to Würzburg at 
the time when Külpe's interest.in the experimental study of higher mental pro- 


.. ceases was at its heighz, and was able to profit from association with an unusual 


group of men and women devoted to the working out of. their director's ideas. 


+: In his own problem, for example, Grünbaum had as observers, among others, 


: Külpe himself, Dürr aad his wife, Miss Martin, Michotte, Bühler, Kats, Ffeiffer, 


-- .Begal, and Spearman. A few years before, Külpe had made his famous report at 


` :Giessen on preliminary resulta obtained in an Ebstraction-experiment. Mittenz- 
wey, under Wundt, followed soon after with a long critical, historical, and experi- 
mental study of the same topic in which the methods and conclusions of Külpe 
were treated with scant respect. Griinbaum’s monograph served both as « reply 
to Mittenswey and: as a completion of Kitlpe’s own results, with the addition of 
evidence regarding the abstraction and perception of items in & specially deter- 
mined relationship. The work appeared in the same number with Bühler's reply 
to Wundt’s att&ck on she introspective technique used at- Würzburg., 

The influence of Würzburg is apparent in nearly all of Grünbaum's publica- 
tions during the next twelve years. Only one or two articles do not fall within 
the field of the higher mental processes or of sensory and perceptual phenomena. 
‘In 1916^he went from Bonn, where he had-besn assistant in the psychological 
laboratory under Stdrring, to Amsterdam. In 1922 he was made director of the 
psychological laboratory at Amsterdem, and-was also closely connected with the 
. work in the psychiatrie and neurological clinic in the same city. This latter 
activity was beginning to make itself evident;in his more recent publications.? 
Studies in thought, memory, abstraction, and determination gave place to work- ' 

"Über die Abstraktion der Gleichheit: ein Beitrag sur Psychologie der Rela- 
tion, Arch. f. d. ges. Peychol., 12, 1908, 2020 475 
.. 4Publications later than those in The Sai Magd Register follow: ` 
Experimentelles zur iue m D. Z g der motorischen 
Crise inm Zach. [n eur. u. Paychiat., 120, 1929, 286-340; m Q. 

i eae Lactic acid e ated in urine and sweat during various games, 
208, 1929, 212-220; The pointing position of the hand as a pathological 


and primitive ee 3, 1930, 267-277; (with L. Bouma) Über S era 
Momente der Agra GRE bstórungen. und Z n, Monalssch. f. 
Psychiat. u. Po p 1930, 223-260; Aphasie und fori "Zack. f. d. ges. 


Neur. u. Psychiat., 130, 1931, 385-413. 
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on react-on-times, psychogalvanic reflexes and their diagnostic value, aphasia’ 
various espects of motor disturbances, child psychology, and, far removed from 
the influence of Würzburg, the behavior of spiders. Grinbaum wrote chiefly 
in German, although several articles appeared in French and in English. His 
untimely death occurred in Amsterdam on the tenth of January, 1932. 

Harvard University ; CARROLL C. PRATT 


Ermu Ehoupson Crolanh: 1889-1832 -- 


Leorard Thompson Troland, whose death occurred May 27th, 1932, was one 
of those rare individuals who can follow two distinct careers at the same time and 
be successful in both. He studied psychology at Harvard University under 
Mtünsteaberg, Holt, and Langfeld from 1912 to 1915, obtained his doctorate from 
Harvarc in the latter year with a thesis on visual adaptation, and carried on his 
work in zision during 1915-16 as Sheldon Fellow at the Nela Research Laboratory 
in East Cleveland. In September, 1916, he was appointed Instructor in Psy- 
chology at Harvard, and he continued to teach psychology there until the time of 
his deata. Besides & host of articles on psychological problems—mainly problems 
of visior—-he published three major works in psychology: The Mystery of Mind, a 
rather r5pular introductory text (1926); The Fundamentals of Human Motivation 
(1928); and The Principles of Psychophysiology, a general treatise in four volumes 
of whicE only the first three had been published at the time of his death (1929-32). 

Parellel to this work in psychology, however, ran a well-filled career in theoreti- 
cal and applied physics. As an undergraduate at the Massachusetts Institute of 
Techno ogy, from which he received the degree of S.B. in 1912, Troland took & 
number of courses in optics and in theoretical physics under D. F. Comstock. In 
1917, hs collaborated with Comstock in publishing The Nature of Matter and 
Electricity, an introductory exposition of the basic concepts of modern physics. 
The folowing year he became research engineer for-Kalmus, Comstock and Wes- 
cott, Ind., and began with Comstock, E. A. Wever and J. A. Ball the collaboration 
which was to make him co-inventor with these men of the Technicolor Process for 
the production of colored motion pictures. His work upon the Technicolor Procesa 
continuzd with Kalmus, Comstock and Weecott, Inc., until 1926, and thereafter, 
until tks time of his death, with Technicolar, Inc. A measure of his contributi 
to opti«s is afforded by his e in 1922, to the presidency of the Optical 
Society of America. 

It i£ undoubtedly his ene in physics which was the most important factor 
in shaprng Troland’s psychology. True, philosophy played an important part in 
his life. Asa graduate student at Harvard he studied Greek philosophy with 
J. H. Woods, ethics with R. B. Perry, epistemology with Perry and Bertrand 
Russell. logic with Josiah Royce, and philosophy of nature with E. B. Holt. He 
held a definite philosophical position, & form of psychical monism tempered by 
acceptence of physico-chemical explanations at the scientific level, and contributed 
a numoer of articles on philosophical issues. Philosophy, however, did net 


ios nd E ios of life, Montst, 24, 1914, 92-133; Philos- 
o sad the world’s peace, 8., 13, 1916, 421-437; araphysi moniam 
Bas Ræ., 27, att 2; The cance of psychical monism, Psychol. 
1922 201-211; chophysics, the key to tke and metaphysies, J. 

Wash a er Ci., 12, 1922, a -I64. 
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affect his psychology except as it provided a setting. In treating a psychological 
problem he wes indeed wont to emphasize its philosophical connections in the 
introduction and in the conclusion, but his main concern was always to formulate . 
exact functional relationships between quantitative variables. The ideal towards 
which he was ever striving was a psychology patterned after modern physics, a 
psychology made up of mathematical equations. 
_ This ideal accounts largely for his many excellent contributions to visual 
psychophysics. In the first place, it determined him to concentrate his axperi- 
mental work in vision, the sense-department in which control and measurement 
of the stimulus has unquestionably reached the greatest development. In the 
second place, it determined him to salect within his chogen field problems which 
were not merely soluble, but whose solution could be stated in the unambiguous | 
language of mathematics. His doctoral thesis, for instance, dealt with visual 
adaptation, in which time-exposure could be related mathematically to wave- 
length, intensity and area of stimulation. Again, his subsequent experimental 
contributions include work on the relation of ihe duration of & negative after- 
image to that of the exposure produsing it,* of flicker-photometer frequency to 
the color and intensity of the alternated lights,‘ and of the differential threshold 
for brightness to color differences between compared fields,*—all of them prcblems 
leading to mathematical functions. Indeed, results not subject to mathematical 
description were usually considered by Troland to be merely preliminary in nature. 
It is also this ideal which accounts for the extreme definiteness and clarity of 
his psychophysiological theories. Ae early as 1914—& year before receiving his 
doctorate——Troland voiced his faith in what he called the “method of mathe- 
matical hypothesis,"" the method by which processes are described in terms of 
equations developed from a limited number of simple mathematical postulates. 
In the previous year he had already applied this method in presenting a phyaico- 
chemical hypothesis to explain visual response.* He applied it again, in 1914, in 


*The thesis is Studies in Visual Equilibria, Harvard University, 1 C. The 
colors produced by equilibrium photopic adaptation, J. Exper. Psychol., 4, 1921, 
344-390 


*The lawa of visual minuthesis: the threshold pre-exposure time and the ecuilib- 
rium time for a projected negative after-image, J. Franklin Inst., 181, 1916, 
579-181. - 

‘Notes on flioker photometry: REER, frequency as a function of 


the color of the , and of the measured, light, ibid., 181, 1916, 853-855; 
DET frequency as a function of ight intensity, ibid., 182, 1916, - 
261-263 


"The heterochromatic ae discrimination threshold, ibid., 182, 1916) 
112-114; The heterochromatic differential threshold for brightness, I. Exper:men- 
_ tal, Psychol. Rev., 25, 1918, 305-329; I. Theoretical, ibid., 359-377. 

‘The absence of the Purkinje Pre esie in the fovea, J. Franklin Inst.. 182, 
I IIIÍ.; The reversal of a faded negative after-image by brightening the 
us field, tbid., 529 f.; Preliminary note: the influence of changes of illumina- . 

ne ines after-images, this JOURNAL, 28, I917, 497-503. ; 

*Adaptation and the chemical theory of sensory response, this JOURNAL, 25, 
I914, 525. 

‘A definite physico-chemical hypothesis to explain visual response, Amer. J. 
Physiol., 32, 1913, 8-40. 
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formulating & general mathematical theory of adaptation? and in 1918, in giving 
& mathematical interpretation of his data on the heterochromatic brilliance 
thresbolc.!? It is true that his theory of audition,“ go well in accord with the 
results oc Wever and Bray, can hardly be termed quantitative. Even in this case, 
however the “method of mathematical hypothesis" shows its influence in the 
choice o: fundamental relationships readily subject to quantification. The result 
of this faith in mathematical formulation is that Troland’s sensory hypotheses 
conform. well to the standards of good scientific theorizing: they are devoid of un- 
intentional ambiguity; they account accurately—not just approximately—for 
availabla facts; and they frequently imply—not merely suggest—further observ- 
- able, bus as yet unobserved, facts and are thus capable of real verification. © 

Trol:.nd’s application of the method of mathematical hypothesis" was not lim- 
ited to ssnsory processes. In 1920, he propounded in mathematical terms a “system 
for expEiining affective phenomena’ which was to become the nucleus of his 
subsequent volume on motivation.“ On the surface this theory appears to have 
the sance virtues as his sensory hypotheses. On the surface only, however. Con- 
sider t» basic equation a = k (dc/dt), in which a represents degree of affection, 
c the average conductivity of active cortical synapses, t time and k a constant. 
Does ths relationship have any definite empirical implications? It surely would 
have nany if only c were subject to measurement, but such is not the case—nor 
ia likely to be the cese for many decades. The “method of mathematical hypothe- 
sis,” to-be fruitful, requires the use of well-defined variables. In Troland's theory 
of affeccion it is of little more value than it was in the psychology of Herbart. 

Faniliarity with mathematical relationships is surely no warrant of expository 
ability Yetin Troland there did seem to be a definite causal relationship between 
these t-vo factors. Not only was he a clear writer and an erudite one, but he had 
an extraordinary knack of classifying facts under functional relationships in 
such a way that they constituted a logically and psychologically organized whole. 
It is tHis ability which distinguished his many surveys of the literature of vision, 
particularly The Present Status of Visual Science.“ It is likewise this ability 
which made his Principles of Psychophysiology a truly great contribution, com- 
parabB with the like work of Wundt, of Ebbinghaus, and of Ladd and Woodworth. 
The three volumes published to date include many interesting and novel features, 
such as the definition of perception as the relation of consciousness to the stimulus 
object. and that of sensation as the relation of consciousness to the afferent arc. 
Their outstanding merit, however, is that they provide for the entire field of 
modern psychophysics and psychophysiology & source which, though adequate 

? ‘daptation. ahd the chemical theory of sensory response, this JouRNAL, 25, 
1914, 500-527. 

1""he heterochromatic differential threshold for brightness, op. cit, note 5 
supra 

ihe Bey C opbysiology of auditory qualities and attributes, J. Gen. Psychol., 
2; 1991. 28-58 

c system for explaining affective phenomena, J. Abn. Psychol., 14, 1920, 

: PM Fundamentals of Human Motivation, 1928. 


( s present status of visual science, Bull. Nat. Res. Council, 5, 1922, I-I20 
noi =7 
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Minnesota Mechanical Ability Tests.. By D. G. PATERSON and R. M. ELLIOTT, 
directors cf the investigation; L. D. ÀNpznRs0N, chief investigator; H. A. Toors, 
atatistical 2onsultant; and EDNA HEDBREDER, editor of the report. Foreword 
by R. M. Yerkes. Minneapolis, University of Minnesota Press, 1930. Pp. xxii, 586. 

This is the report of an investigation subsidized by the Committee on Scientific 
Problems 2f Human Migration of the National Research Council. Yerkes, who 
was chairman of this Committee in its early history, traces in the Foreword the 
origin and purpose of the research. The work was carried out in the University of 
Minnesote with the aid of numerous assistants. The authors say that the members 
of the subsidizing committee “were generous to the point of indulgence with their 
encouragement and financial backing (p. ix), so it is presumable that a fair oppor- 
tunity exirted to try out the concept of ‘mechanical ability’ (or abilities). The 
term is u&»d in this research ‘‘to refer to whatever capacities and abilities are 
necessary -or certain kinds of work—-specifically, work that involves the manipula- 
tion of tools, the operation of machinery, and the planning and execution of 
pieces of work which involve these and similer activities” (p. 5). The practical 

purpose was to construct a scale of tests of mechanical ability in the sense 
indicated n the quotation. dro: for proper motivation is no small part of 
such test construction. 

If “maximum motivation” is obtained i in the tests, can one from these data 
predict dixection and degree of success under conditions of motivation in actual 
mechanical work? It was assumed that a battery of tests would be better for this 
purpose tkan a single test, and that the tests constituting this battery must be 
reliable ard correlate as highly with the criteria as possible and only little or not 
at all among themselves. To secure these tests and criteria required considerable 
preliminary experimentation anc a large number of subjects for different tests. 

In later experimentation it was found that several tests of low reliability could 
be made consistent in their measurements merely by a suitable lengthening of the 
tests. To ascertain effects of such lengthening, three different applications of the 
preliminary testa were given. The subjects in this preliminary experiment were 
217 junior high school boys, each being tested 11 hours on group and individual 
tests, including a retest series after a seven-day interval. The boys’ success in 
five different shop courses was determined on the basis of their teachers’ judgments 
by means of the rank method. Rank scores in the several courses were all con- 
verted ints c scores and averaged to obtain “‘the combined shop criterion." This 
criterion vas found to give positive but low correlations with all 29 of the tests 
used (including intelligence tests); only two of these correlations were above 0.40 
(Link’s Spatial Relations, longer board, time being 0.44 and the Paper Form 
Board, 0.43). Seventeen of these 29 correlations were greater than four times the 
P.E., or taan 0.15. By the Toops multiple-ratio technique a battery of seven 
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tests was constructed, which gave a correlation of 0.60 + .03 with the criterion, of 
0.07 +: .05 with intelligence scores, and low inter-correlations. Reliabilities ob- 
tained by means of a retest 7 days iater were not satisfactory but it was found that 
the defect could be largely removed by a proper lengthening of the testa. 

The work thus far done was preliminary. During the academic year 1924-25 
the experiment proper was carried out on a new set of 150 boys then entering the 
Jordan Junior High School. Ths following improved tests were used, a great 
number of the earlier tests having been discarded: The Minnesota Assembly testa 
(after Stenquist); the Minnesota Spatial Relations tests (after Link); the Minne- 
sota Paper Form Boerd tests (after Army Beta); a card sorting, a pacxirg blocks, 
and a nine-hole steadiness test; and the Stenquist Mechanical Aptituda Picture 
Tests, I and II. Age, Otis S-A ‘Higher Examination scores, academic suscess, ex- 
perience in mechanical work, interests, motor ability (agility and gymnasium sic- 
cess), anthropometric measures (height, weight, vital capacity), social and eco- 
nomic status, and homeinfluence—all determined by as objective means as possible 
—were studied in their relations to success in the tests. The third and fourth of 
these factors were determined: by means of questionaries and interest-analysis 
blanks, respectively. The Otis test was preferred to Alpha “because of its simpler 
timing and scoring methods," and because in the preliminary experiments the 
inter-correlation of these testa "was very high" (p. 113). From Table 88 (pp. 
432-433) this correlation is found to be 0.74 t}.02, which gives a predictability of 
the one score when the other is known of only 0.33. The reviewer has for years - 
obtained considerably better predictability of success in psychology exaninations 
with Alpha than with Otis scores, and he doubts the wisdom of the use of the latter 
instead of a revision of the forme- test, despite the greater convenience of the 
Otis test. 

The criterion of mechanical ability—the rlandard against which all the testa 
are rated as to validity— was also much improved in the experiment proper. A 
long chapter (Chapter 9) of 58 pages describes fully the construction and nature of 
this somewhat complex criterion, giving rating scales and other devices for measur- 
ing the degree of excellence of different kinds of shop work in the schools, test 
blanks on mechanical information and on training. These rating scales are in 
terms of carefully ranked samples of completed work, reproduced in Falf-tone. 
Several criteria of different activities—each usable separately for its particular 
kind of shop work— were thus produced, and since there was no single >ating or 
ultimate criterion with respect to which these could be severally weighted, it was 
necessary to convert the scores into standard units and to combine them by weight- 
ing equally the different units (in the farm of weighted averages), except that the 
quality-quantity criterion was the combined scores of the quality and the amount 
of all shop work done, not divided by the number of projecta completed (p. 202). 

In the various stages of the combination of different and more special criteria, 
the construction of the final criterion of mechanical ability in general seems to ` 
have been based on the assumption thet all the different teats contributed alike to 
measuring some sort of general, unique mechanical ability trait. It can Lardly be 
contended, however, that any such trait has been established. A battery of testa 
of some more or less vague mechanical ability has been constructed, and the scores 
on different elements so combined as to correlate more highly with success in shop 
work in the schools chan with intelligence tests. That seems to be about all that 
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can be in*erred from the work as to the real nature of mechanical ability. It may 
be noted. moreover, that in converting raw scores into scores for equal weighting, 
this purpose to weight equally is hardly fulfilled unless the o of each set of teat 
scores is <orrected for unreliability; since the size of the ¢ is a function of ita unre- 
` liability. The error here, however, is not great, since each test was made as re- 
liable as practicable and low reliability of any test would have a tendency to under- 
weight itin the combined score. In the last part of the book (pp. 309-586) are to 
be founc detailed directions for administering and scoring the battery of tests 
finally developed; statistical methods; correlation tables; percentile norms, and 
other vaLiable data, as well as original scores both from the preliminary experimen- 
tation ard the final experiment proper; a classified bibliography of 17 pages; and 
an excellant index, covering 25 pages. | 

The work on establishing criteria and percentile norms of mechanical abilities, 
on prepa-ing objective tests and scales, on organizing the rating and the test-scales 
and resu ts for practical use is of considerable value; and the tables of original data 
will enakle other workers to check and evaluate the methods and interpretations. 
In view cf the excellent codperation under most favorable school conditions and of 
the technical assistants employed, the work done was so stupendous and excellent 
in detaile that future mechanical ability determinations will probably be dependent 
to a considerable extent on this publication for many years. It is therefore of 
practical importance that all the items of the assembly tests may be available to 
testers fer some tims, and that their uses be clear. Item 10 of Box A and items 
8 and 1e of Box B (pp. 320 and 323) are marked “not included in the present 
geries.’’ Were scores on these tests included in the data on which norms were 
established? This isn’t made clear. 

One s struck by the enormous number of tests that had to be dropped out 
because of small value. Would a more careful survey of past work not have saved 
much time, or was this extent of “trial-and error’ essential? The. practical- 
minded -eader would doubtleas like to know more about the time for administra- 
tion and the scoring time of the tests. Much of the scoring seems to be of a labori- 
ousnature. Certainly reliability coefficients listed as obtained from the combined 
estimates of ten judges (Table 20) are impracticable in actual use, and the coeffi- 
cients ok tained by the up-step Spearman-Brown formula by the odds-evens device 
will be found too high in ‘actual practice, where the perfectly controlled conditions 
assumec by the formula cannot be realized. No data yet available indicate the 
relationships of success in the tests and success in practical mechanical work out- 
side the schools. 

It must be said, finally, that the work under review is & conspicuous example 
of elabo-ate and carefully executed work of high quality, carried out codperatively 
by many workers of both scientific and practical interests. J.P. 


Genetic Studies of Genius, Vol. III. The Promise of Youth. By BARBARA 

Sroppazp Burrs, DogorHA WinLIAMS Jensen, and Lawis M. Terman. Stan- 
ford University, Stanford University Press, 1930. P». xiv, 508. 

. Thie volume consists of the follow-up studies of a thousand gifted children 

first tes ed in 1921-22. The authors sought answers to two fundamental questions 

concermng the development of gifted children: (1) “How well does the mental 
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ability of these giftet children hold up on the average? (2) How many of the 
ohildren later ahow radical changes in intelligence rating, either positive or nega- 
tive?" Methods and results are presented in Part I. The testa used comprise 5 
etandard intelligence testa, 5 achievement tests (besides school marks), 6 persón- 
&lity testa, including tests of emotional stability, femininity-masculinity, interest, 
etċ., and 9 informaticn blanks sent to parents and schools. The results of retest- 
ing in 1927-28 show a drop in IQ for both sexes of 9 points, 3 points for boys and ` 
13 points for girls. Some drop in IQ is to be expected statistically as due to un- 
reliability of measurement. The children who were first tested at an early age do - 
not show s greater drop in IQ than those who were first tested at an older age. 

No evidence was discovered to indicate that such factors as environment, per- 
sonality, health, race and the nature of the Stanford-Binet test were significant 
in causing marked IQ changes in gifted children. No significant differences be- 
tween early and late testing were apparent with respect to interest in school,- 
achievement in school subjects, regularity in school attendance, personality traita 
(s.g. fair-mindedness and masculinity-femininity), and social intelligence. 

While no direct comparison could be made with respect to the general health 
af gifted children between the follow-up group and the 1921-22 group, the reports 
. Obtained from information blanks tend to disprove the popular belief that gifted 
children are'apt to be deficient in health and physical vigor. ` The reports from 
home and’ school show that from 77-90% of the gifted boys and girls have good. 
general health and that from 1-5% have poor general health. However, the num- 
ber of girls who show symptoms of general weakness is nearly twice as great in 
1927-28 as in 1921-22. In the follow-up group the school blanks report 15% of 
the gifted boys and 18% af the gifted girls as showing symptoms of general weak- 
ness. It was found that gifted children sleep somewhat less daily in 1927-28 than 
in 1921-22, but they still sleep more than untested children. 

‘ All but two of the 1921-22 high school group who coóperated in the follow-up - 

have graduated from high school, and more than 90% of both boys and gir.s have 

. gone, or plan to go, to college. Approximately one-half of those graduating from . 
college have taken postgraduate work. 

Most of the boys and two-thirds of the girls who have graduated from zollege 
have decided upon their life vocatiens. Gifted boys who have graduated from 
college tend to choose the professions, while non-graduates i in the gifted grcup are. 

more likely to choose a business vocation. ` 

_ Part Il deals with case studies of youthful geniuses, gifted leaders, musicians 
and musical composers, artista and devotees of science. These individual studies 

reveal certain inconsistencies in development. A few cases of marked or moderate 

decrease in IQ and achievement are reported, but a large majority of the individual 

. cases studied show consistent development during the Denon between 1921-22 and , 

1927-28. 

Part III is a study of literary juvenilia, the object of which was ''(1) to derive 
a scale with steps high enough to measure the best writings of the most talented 
children, (2) to compare the productions of California gifted children with the 

. Juvenilia of eminent writers, and (3) to study the environment and early develop- 
ment of those who have evidenced precocious literary ability." Fourteen Cali- ` 
fornia gifted children with IQ ranging from 140 to 188 (ages ranging from 6 yr. 
9 mo. to 13 yr. 10 mo.) were found to possess outstanding literary ability. The 
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literary productions of these children compare favorably with the juvenile produc- 
tions of 2€ English and American men of letters who were rated as having IQ of 
140 Or Over. 

Part I” gives a summary, and an appendix presents the protocols which were 
used in se-uring information from parents and schools. 

The cHief value of the follow-up studies is suggested by the title of the present ` 
volume, “The Promiss of Youth.” Although the reliability of some of the tests 
is still in doubt, the combined results point unmistakably to the conclusion that 
"the giftel individual whom intelligence tests may discover in childhood" will 
become *^he extraordinary genius who achieves the highest eminence.” 

University of Montana FRANKLIN O. SMrrH 


The T-eatment of Behavior Disorders Following Encephalitis: An Experiment in 
Re-Educciion. By E. D. Bonn and K. E. Appar. New York, The Common- 
wealth Fand, Division of Publications, 1931. Pp. 63. 

In ths small book, an account is given of an experiment in the treatment of 
the disor-lers of behavior which follow encephalitis. The first chapter contains a 
clear and non-technical account of the disease of encephalitis. Case histories are 
then presented which graphically illustrate the unfavorable changes in behavior 
which of-en develop as an aftermath of the disease. Previously normal, well-ad- 
justed children after the disease frequently show marked behavior disorders and 
social reirogression. l 

The experiment concerning which the book is written, deals with the organiza- 
tion of a 3ospita&l-echool under the direction of the chief psychiatrist of the Depart- 
ment of Mental and Nervous Diseases of the Pennsylvania Hospital The work 
in the scool consists in an inganious effort to reéducate the total personalities of 
children who are in its charge. A balanced program af sleep, work, and directed 
play har been organized, which occupies the whole twenty-four hours of each 
child. This program, and its sympathetic and personal application, developed in 
the light of individual differences, may well be studied by anyone who is interested 
in modern methods of changing atypical behavior in children. The results of the 
experimant show that, in a substantial number of cases, the treatment has led to 
real improvement. 

App-oximately ane page of the book is given to a section headed ‘Psychological 
Theories.” Here the rather startling statement is made that, “In treating the 
childrer in the hospital school, if a theory appeared to throw light on a problem, 
that theory served as the basis of treatment, whether it implied the behavioriam 
of Wateon, the inferiority feelings of Adler, the ‘needs’ of Thomas, the type-reac- 
tions of Jung, or the psychological processes emphasized by Freud.” Is it too 
much to hope that the time may come when -psychiatrista may recognize psy- 
chology as a scientific and useful body of fact end not as a welter of conflicting 
views in regard to personality? 

Save for the criticism suggested above, the book seems well calculated to 
supply s significant program for those who are concerned in oe with the dis- 
tressing after-éffects of encephalitis. ; 

Brcwn University : 4 ^. " LEONARD CARMICHAEL 


- 
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Hypnotic Poetry. By Epwanp D. Snyper. Foreword by James H. Leuba. 
Philadelphia, University of Pennsylvania Press, 1930. Pp.-xi, 162. S 

The author, an associate professor of English at Haverford College, suggests - 
that certain poems are largely “spellweaving” poems which influence the auditor - 
in a fashion different from the influence of more "intellectualist" poems. The ` 
"gpellweaving" poems are capable of stimulating the.listeners to various states, 
from highly emotional to mildly trance-like, and this without the poems having a 
“rational” appeal. It is suggested that there is a close parallelism between the ' 
results of such poems and the phenomena of hypnosis, including post-hypnotic 
suggestion; and between the factors producing both the “spell” and the hypnosis. 
Among these factors are: monotonous rhythm of auditory stimuli; freedom from 
abruptness; vagueness of imagery; and slight fatigue due to minor complexities. 
The relationship between these states and phenomena of religious revivals, due 


largely to "hypnotie hymns,” is pointed out. Certain aes beering on 


literary criticism are mentioned. 

The book is not a text on-poetics or on hypnotism, but it ig intelligently 
written, and suggests certain applications of psychological knowledge which are 
worth considering by those Hee) in the phenomena of hypnotism or in posue 
literature. : 


Vener renee, UU C ! — LH. MaFapoan 


Foundations for Human iaoi. By C. R. Gow. New York, Macmillan. 
Co., 1930. Pp. xiii, 226. : 

This book presents briefs of lectures constituting a course in “Humanics” 
which is elected by seniors at the Massachusetts Institute of Technology. The 
general purpose seems to be that of formulating an applied science of self or eharac- 


~ ter development: One obvious weakness of Humanics," as presented, is that 
-jt seems to have muck less basis in psychology than does mechanics in the science 


` of physica. The foundation of “Humanica” is only the superior common-sanse of 


the author, who is an experienced and successful business man with a frankly - 
commercial point of view. i 
The text is essentially a discussion of the virtues from the point of view of a 
paternalistic capitalist, It contains a long list of do's and dont's for the guidance 
of the young man who desires, above all things else, to be “successful” under the 
sacrosanct sway of "business." Honesty and loyalty are among the chief virtues. 
Honesty is preferred, apparently because it is the best policy. Loyalty is lixewise 
indispensable. "As long as one is supposed to serve an employer and.accepts pay 
for that service, let him be for that employer in every honorable way,” ete. Other 
virtues are tact, patience, courage, cheerfulness and friendliness. On the other 
hand “‘ons of thé chief obstacles to progress and prosperity is anger." Other vices 
are conceit, egotism, envy and criticism. “By all means do not criticize cthers. : 
Praise them if you can do so.” Many striking illustrations of the advantages and 
disadvantages of these traits in business are given. Practice to develop traits, as 
specific entities, is urged. ‘Training in observation should begin early." Abstrac- 


.' tions are interpreted in terms of other ‘abstractions. 


Credit must be given the author for his sensible and unspájled, albert rather 
naive, attack on the problem of character development in & technical sehool. 


Y 


me 
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Some excelent advice is given in regard to the discovery and cure of specific de- 
fects of pecsonality, such as peculiarities of voice, gesture, and expression, but the 
book does not have a scientific point of view or background. Furthermore the 
accepted sandards of good character are evidently specified by the same people 
who write the specifications for the other products of engineering, such as sky- 
scrapers amd automobcles. Too much standpat conformity to a fixed moral code 
may not be & good thing in the long run, even in business. 
Univeraity of Colorado .  'Inos. H. Howxrrs 


Voice cnd Personality. By T. H. Paan. London, Chapman and Hall, Ltd., 
1931. Pp 247. 

` This bænk touches upon problems of de voice a8 an expression of personality. 
The first Falf is devoted to a discussion of ‘dialect’ and local differences in speech 
or accent, and the last half to a description of experimenta carried on by the author 
and his asuistanta. 

The experiments suggest many problems of interest to paveholovints: Examples 
of these are as follows: How is the judgment concerning any particular attribute 
of the voiee formed in the “wireless’’ listener’s mind? How would a listener who _ 
does not understand our language be affected by these attributes? What effect 
will broadsasting have upon standardizing the speech of different localities and of 
the different professions? Wherein may psychological analysis aid in discovering 
and remecying the défects in the voice that fails to “get across." The volume on 
the whole is an excellent piece of popularizing work, and is extremely valuable as 
suggestive of fields for further investigation. 


University of South Carolina W. F. Sarre 


Psychdogy of Early Childhood up to the Sixth Year. By WILIAM STERN. 
Translated by Anna Barwell from the 6th German edition. New York, Henry 
Holt & C3., 1930. Pp. 612, r1 pL 


The new English edition of this classic differs little from the earlier translation 
of 1924 (tased on the enlarged 3rd German edition of 1923). The bibliography, 
however, s much extended, the text contains & number of references to recent 
research cn Russian children, and the four plates of Kurt Lewin's film-photos of 
expressior movementa in children (which appeared first in the fourth German 
edition) have been appended to the illustrations. 

The teatment throughout leans heavily on the paychographic sudes of the 
` Sterns, Seupins, Bühlers, Katzes and others; centering naturally about the social- 
ized activ-ties of drawing, speech, and the interpretation of pictures, with the in- 
vestigatioa of which Stern and his wife have been so long identified. Ever since 
the third adition, however, the text has striven to take account of and to criticize 
the work and theories of Bühler, Kofika, Freud, Montessori, and Piaget as well. 

The p-inciple of convergence adopted by the author (t.e. the interaction of 
- innate ap-itudes and experience) absolves him from the painful necessity of dis- 
entangling hereditary and environmental influences. While the recurrent stress 
on the ‘unity of personality’ expresaly implicates the total psychophysical unit, 
the usual sections on biology and neurology are conspicuous by their absence. 
References to the Watson-Blanton-Sherman type of observation, or to Russian 
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TE are rare. Much illuminating material, lom bois both on the 
development of perception and on the emotional life of the child is made available 
in these pages. Aesthetic perception (in music, rhythm, and pictorial representa- 
tion) and phantasy or imagination, are especially stressed. While the generaliza- 
tions are based largely on children from social strata above the average, the pork 
forms an invaluable supplement to the usual American text. 


Cornell University : Ernsm MURRAY 


Child Psychology. By Mancanmr Wooster Cumrr. New York; Longmans, 
Green & Co., 1930. Pp. ix, 527. . 

This is a student/a text, the fifth in the series edited by H. A. Carr. The lan- 
guage is for the most part non-technical, on the level of commonsense rather than 
of science (notably in the use of such words as ‘idea,’ ‘thinking’). Hence the lay- 
man no less than the student will find it readable. Psychologists in general may 
also derive profit from its pages, since it offers a fairly impartial survey or digest of 
current and recent litereture on the topics treated.  . 

Writing from the standpoint of Carr’s ‘functionalism,’ the author strives to 
avoid dualistic snags, and the éxtremes of a one-sided subjectivism or behsviorism. 
Mind is defined as the capacity for ‘unified and effective adaptation to environ- 
ment,’ and space is assigned both to overt and to implicit (conscious or heural) 
response. The first hundred pages are largely biological, dealing with heredity, 
physical and mental growth, and native responses. The nervous gyB.em gets 
scant mention. The section on ‘perceptual-motor learning’ gives.a detailed 
account of Russian work on children, including Krasnogorski's use of ccndition- 
ing technique in the early diagnosia of individual types, as the author hecaelf saw 
it demonstrated in Leningrad. 

The term ‘conditioning’ is used consistently throughout the text, carrying 
often precisely the same connotation as the ‘association’ of the older schools. 
Though réjecting some of Watson’s concepts, the author fails to build up for us a 
picture of the child as an individual, as does Stern, presenting us rather with a 
human mechanism or robot. A mechanism, moreover, with a bent toward going 
awry; for although her theme is avowedly the normal, Mrs. Curti’s slant, in con- 
sequence perhaps of her clinical experience, is more often toward the abnormal. 
In her suggestive chapter on motivation, though critical of thé Freudian stress on 
sex, she retains the stereotyped old rubrics—‘compensation,’ Tationalzation,’ 
 .'eonflict.' Not only do these affix a pathological stamp to perfectly normal trends, 
they presuppose a view of human nature only a step above the Calvinistic or 
Hebraic. ‘Conflict,’ especially, i in emphasizing the antiquated 'either-or' dilemma 
of contradictory opposites, ignores the complexities of modern community life. 
Even in childhood, surely, ethieal problems center less upon the colligion of code 
and inclination than on the difficult harmonisation of several slightly compatible 
aims—vocational, recreational, and domestic. _ 

The discussion of the origin, growth, and organization of meaning (defined not 
88 an abstract entity, but as the totelity of potential responses to a given situation) 
occupies another section, one cf the best. While paying her repects to Carr and 
Dewey, the author follows in the main Piaget's illuminating use of ayrcretiem, 
juxtaposition, and egocenirism, intracing the development of child thought. Gestalt 
nterpretation—except when pressed to extremes—is shown to be compatible 
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with eur-ent experimental findings; but reasoning is handled as essentially a trial- 
&and-erro- procéss, a mental fumbling. The importance of Einstellung or set re- 
ceives ac little recognition as it does at the hands of configurationist or objectivist. 

In tbe chapter on play, the author summarizes a number of recent American 
studies —mosily statistical —throwing them into perspective and relating them to 
standar« theories. Finally, a hundred pages are devoted to discussion of the rela- 
tive wezht of defective intelligence, emotional instability, and social milieu in 
influeneng delinqueney and anti-social conduct. Burt, Healy, Slawson, Harts- 
horne and May are quoted. The book concludes with a short but sane chapter on 
the orgsnic and environmental factors conditioning personality and traits (the 
latter dafined as ‘functional relationships distinguishable in a total of adaptive ac- 
tivity’). There are numerous footnote references and an index, but no adequately 
organized bibliography. A ‘Work-Book’ for students is said to be in preparation. 


Cornell University i Esm MURRAY 


L’écucation fonctionnelle. By Ep. Crn4PARÉDE. Neuchatel, Delachaux & 
Nestlé, 1931. Pp. 267. 

A rinety-seven page "Introduction" explains the theory and the sources of 
functional psychology traced historically from Locke and Herbart to the present 
day. Following this introductory material is a discussion of 10 laws of conduct 
to be employed in utilizing the child’s activity, with special emphasis upon the 
laws ot need and interest. Among the other laws there is some discursive over- 
lapping. The next one hundred and forty pages include articles, many of which 
had al-eady been published, on various functional aspects of education. The re- 
mainirg twenty-four pages are devoted to a “Conclusion” answering the classic 
questien, "Is education a preparation for life or life itself?" The author's final 
statencent may be translated as follows: “In order to prepare far life education 
must Łe life. If education aims to be a preparation for life without being life itself 
it doez not prepare for life." 

Functional education is defined as | that wich considera the needs of the child 
and h interest in accomplishing his purposes. By the term interest is meant the 
factor which brings about adjustment in governing the individual's reactions and 
adapting them to those needs. To provide proper conditions for creating appro- 
priate needs for which the child will seek satisfaction is the business of the school. 

TLe volume contains no index beyond an alphabetical list of 114 psychologists 
and noted educators whose ideas are utilized in establishing and corroborating the 
authcr’s theory of functional education. Of this number he quotes about thirty 
Amer.can writers. 

Because the book is not arranged in conventionally numbered chapters it gives 
the impression of being fragmentary. Every section, however, reénforces the 
central idea of need and interest. Emphasis upon important points is obtained 
by well-chosen introductory statements and summaries. The style is non-technical. 

Te book contains little that is new. It presents, however, a definite point of 
view and brings to the attention of the reader most of the best that has been said 
concerning the aims of that much discussed and much defined process which we 
call education. The reader is left convinged that consideration of the child's real 
needs is fundamental. 

Ehode Island College of Education Grace E. BRD 
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Diary of a Child's Life. By VinuELM Rasmussen. Translated from tho 
Danish by Margery Blanchard. London, Glydendal, 1931. Pp. viii, 187. 

This is a seriés of observations, kept systematically from birth to the fifteenth 
year, on the author's second daughter. It is presumably identical with Et Barns 
Dagbog printed in Denmark in 1922. The entries (made by either parent) range 
between 50-100 items yearly. They are set down in chronological order, vsually 


‘dated, under such commonsense captions as attentiveness, catching hold, fear, 


recognition, temperament, standing, walking, language, sentences, animism, 
counting, time, rage, lies, bashfulnesa, sympathy, and religion, and are designed 
to stimulate the keeping of similar diaries by others. ‘There are numerous repro- 
ductions of the child’s drawings at different ages; also of photographs illustrating 
varied facial expressions and postures. The little volume affords a vivid picture . 
of a developing child personality, and forms an interesting supplement to Ras- 
mussen’s earlier, more systematic series. 
Cornell University ` ~ Ersw Murray 


La personalité de William James. By Mavzics Le Breron. Paris, Hatchette, 
1929. Pp. 383. 

This is a detailed, well documented, &ceount of the hereditary and early en- 
vironmental factors contributing to the personality and achievements oi the 
famous psyohologist and philosopher in whom began the third generation cf the 
Jameses in America. The life of the psychologist’s grandfather, also William 
James, who came to America in 1789, at the age of 18 years, with very little money 
and & Latin grammar, and who began in Albany as a clerk in & store and rapidly 
worked himself up to be & leading business man and banker, amply providing for 
his eleven children, is briefly sketched. There is also a good account of the father, 
Henry James, who left the Princeton Theological Seminary with a growing an- 
tipathy to all ecclesiasticisms and turned his back on the ministry to develo» his 
own type of Swedenborgian philosophy; of his solicitude for the education in 
America and Europe of h/s five children; of William’s uncertainty and vacilletion 
in choosing his life's work, his experiences in Europe, his important contast with 
Agassiz on the trip to South America where he decided definitely to give his life 
to philosophy, but where he also learned to have respect for objective facts in his: 
generalizations. 

Le Breton makes a careful RE EA and evaluation of Jamés' contributions, 


indicating how they reflect the life and personality of a keen and serious-mir ded 


individual who had taker. philosophy and psychology seriously, and had found 
it necessary to reconstruct them both in order to agree with the undeniabls facts 
of his own varied and wide experiences. Recognizing James’ originality and 
certain genuine contributions, Le Breton points out obstacles in the way of an 
objective evaluation and dangers of being misled by the persuasiveness of James’ 
arguments and by the inftuénce of his winning and resourceful personality. He 
credits James not only with a cosmopolitan view, but also with a keen sensitivity 
to, and a close contact with, the ups-end-downs of every-day life. He thinks 
that with the passing of years the specific contributions by James will became 
invisible but holds that his personal charm, seriousness of purpose, and great 
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penetration have given direction and vitality to philosophy. James’ philosophy 
was so pecsonal and unstable that if he had lived longer he would never have 
been able :0 put a finel touch to it but would have continued to get new insights 
requiring seconstructions and reinterpretations. JI. 


A Comparative Study of Those Who Accept as against Those Who Reject Re- 
ligious Awchority. By Tomas H. Howzrrs. University of Iowa Studies: Studies 
in Charac-er, Vol. II, No. 2. Iowa City, The University of Iowa, 1928. Pp. 80. 


The object of this experiment was to compare religious radicals and con- 
servatives-on the basis of a number of quantitative psychological tests. From 542 
University of Iowa students in elementary psychology, the author selected, by 
means of = self-rating point scale for measuring intensity of beliefs and attitudes 
(reliability 0.92), 51 as the most radical and 50 as the most conservative. There 
were six tmes as many Catholics in the conservative group (23% of all in this 
group) as in the radical and the few Unitarians present were all in the radical 
group (3% of this group). Other denominations were more evenly represented in 
both grouos. These extreme groups were given for comparison approximately 30 
different -ests—sensory-motor, volitional (suggestibility and perseverance), or 
intellectuzl in character, including a high school content examination and uni- 
versity grades. What the subjects reported about themselves in the self-rating 
was also zaken into consideration. Considering these latter self-reported data 
first, we nay note that the mean of the radical group was 18.9 years, and of the 
conservat ves it was 19.7 years. In both groups women were in the majority, but 
the propoction was greater in the conservatives. Allowances for slight sex differ- 
ences in tae tests did not alter appreciably the results. The conservatives were as 
& group Emewhat less healthy and inclined toward pessimism; they came from 
somewha- larger families and had had more religious training and sympathetic re- 
lationships with parents and also more mystical experiences (conversions, sense of 
divine presence, etc.). These group-differences, however, were small and prob- 
ably not -ery significant. The tests revealed only a few sensori-motor differences 
approach ng reliability, the conservatives being poorer in weight discrimination 
and muscle codrdination, but slightly more sensitive to (expected) electric shock 
than theradicel. This latter difference seems from the data, however, to be due to 
greater suggestibility clearly revealed by reliable differences on several tests. The 
conservatives excelled slightly in accuracy of slow arm movements, but were less 
deliberate and more inclined to hasty action. None of the sensori-motor testa re- 
vealed a group difference more than 3.7 times its PE. The conservatives ac- 
cepted more suggestions as to printed (impersonal questions) relating to pictures 
recently chown them than did the radicals. For example, to the question “Did 
you see tue man (not present) holding the oar?" They were more apt to say “‘yes.” 
While th= group difference here was only 3.1 its PE, the conservatives were 
reliably more ready to accept suggestions as to increase of pain from electric 
shock (when there was no increase in the current) and less persistent against 
painful Simulation. Threats of punishment effected greater improvement in 
them. ‘They were also reliably inferior to the radicals in tracing mazes, in the 
high schcol content examination, and in the intelligence tests. The group differ- 
ences in ability to follow written directions, to make moral judgments of the 
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multiple choice type (choosing the best and worst of four hypothetical responses 
in described situations), and in university grades all favored the redicels, but 
these differences were slightly below the point of statistical reliability. 

It is certainly worth while to follow out more fully the causes of this intel- 
lectual and volitional inferiority of conservatives, and to determine the relative 
rôles of the lack of educational opportunities, the operation of various selective 
influences by religious groups for individuals of inferior ability and exe'usion of 
superior individuals because of non-conformity, ete. The investigation indicates 
lines of approach to several important problems in social psychology and o? inter- 
group and inter-national relations. There is a bibliography of 72 titles; and the 
self-rating tests, and additional laboratory test data are given in appendices. 

J.B. 


Abnormal Psychology: Its Concepts and Theories. By H. L. HOLLINGFORTH. 
New York, Ronald Press, 1930. Pp. 590. 

This is in many ways a notable volume. In it Hollingworth discusses the 
facts of abnormal psychology as part of general psychological science, and not 
from any one partial standpoint, such as psychiatry, mental hygiene, clinical 
psychology, or psychoanalysis. 

The book begins with a definition of the field of abnormal psychology and then 
turns, after a brief historical summary, to a consideration of the modern peciod in 
abnormal psychology. Among the contemp¢raneous viewpoints which cre ex- 
plained and evaluated are the anatomical, the physiological, and the psychological. 
A special chapter is also devoted to what.the author ingeniously calls the psy- 
choanalogical approach. This approach he says is "Sometimes meaninglessly 
called the psychoanalytic.” 

` The next general section of the book dose with the various classes of mental 
"deviations from the normal. A brief summary of the material covered in this 
main body of the work may possibly best be given by listing certain of the main 
topics of the chapter. They are: feeblemindedness; origin of functions] dis- 
orders; Janet’s conception of psychoneuroses; typical psychoneurotic cases; the 
clinical views of Babinski, Hurst, Rosanoff, Freud, Adler, and Rivers; essociation 
and conditioning; objective study of the neurotic constitution; the psyzhology of 
` the neurosis; stage-fright, dreams, gtuttering, and aphasia; the psychological 
correlates of epilepsy; constitutional psychopathic states; personality tyzes and 


the functional psychoses; and the relationship between drugs and mentel di- ` 


orders. 

The fundamental theoretical concept of this volume may probably be said to. 
consist in an interpretation of redintegration and integration. In developing the 
importance of redintegration the author points out that neurotics are as a zroup 
physically and psychologically inferior, and are affected by conditione which 
would not influence the ordinary individual. Typical in the history of each 
neurotic there appears a past environmentally determined episode from which 
the particular morbid symptom or symptoms under investigation date. There are, 
however, alwavs discernible present stimuli, however reduced or attenuated, which 
- redintegratively evoke the complaint, and in the absence of which the symptoms 
are abated and may, indeed, disappear. Particular pathological symptome may 
therefore be changed by altering the environment or by changing the individual as 
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in re-education. Such modification either of environment or organism, however, 
does nof necessarily change the individual's psychological inferiority which shows 
itself in & proneness to develop new episodes and thus generate new symptoms. 

Mary other important prastical observations and suggestions are given in the 
volume, but the reviewer believes that its major contribution is the explicit ap- 
plication as described above of the conception of redintegration to an under- 
standinz of mental abnormality. Redintegration is often spoken of as if it were a 
theory or hypothesis, but, at least in the reviewer's opinion, when correctly 
understood, it is merely a statement of facts which are attested by unimpeachable 
experiment end almost universal observation. Hollingworth in previous works 
has possibly done more than any contemporaneous psychologist to systematize 
the imrlieations of redintegration in so far as they apply to normal mental life. 
In the present volume this concept has with equal success been applied to ab- 
normal mentallife. In the reviewer's opinion this whole body of work, both on 
normal.and abnormal psychology, presents a system which is of great importance 
to one who wishes, with a minimum of speculation, to unite the psychologicel 
facts o= observation and experiment into a coherent and explanatory psycho- 
logical theory. 

Brcwn University LEONARD CARMICHAEL 


Gereral Psychology for Professional Students. By A. R. GILLILAND, Jonn B. 
Monza. N, and S. N. SrevENe. New York, D. C. Heath & Co., 1930. Pp. vii, 439. 

We are told in the preface that “this book was written to fill the specific need 
for a special text for professional students." This alleged need will be met, the 
authors announce, “by a text that emphasizes no particular point of view, 
stresses objective material and practical illustrations rather than theoretical dis- 
cussions and selects the illustrations from the fields of industry and the profes- 
sions rather than from those of art, literature, and science." 

Af-er the introductory chapter on the nature and purpose of psychology, in 
which the assumptions and techniques of psychology are balanced by some 
pedagogic advice to the student as to his attitude toward the study of psychol- 
ogy, tae book deals in a simple, lucid style with chapters on the human organism, 
innate behavior, sensory processes, attention, perception, and the usual order of 
topics in orthodox textbooks of general psychology. The final chapter on mental 
healtk is the only significant departure from the usual choice of topics for dis- 
cussicn. s 

AEhough no distinctive point of view is made explicit, there is nevertheless 
- intervoven with the discussion of facts and illustrations an implicit interpretation 
of facs and observations in terms of action psychology.- Perception is defined as 
the ‘Cesult of actual responses to stimuli”? Memory is treated as “a form of the 
learning process in which the verbal components are more significant than are 
other types of response.” The essentials of thinking are discriminating and gen- 
eralizing which are deacribed as “acts in response to a maladjusted situation.” 
Insigat, we are told, results from experimenting with a new situation in the light 
of praviously experienced situations. Finally, it is held that the best definition 
of in-elligence is the one that charactérizes it as "the ability to make successful 
adjustments to the problems of life." 
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The text is amply illustrated and many of the figures and illustrations are 
original. To each chapter is appended a selected list of references representing 
every significant point of view in psychology. The title seems to be a misnomer. 
_ Neither the choice of material nor the method of treatment is distinctive enough 
to warrant the claim of a special type of general psychology. 

University of Montana FRANKLIN O. Sarre 


Chinin in der Allgemeinprazis unter Berucksichtigung pharmakologischer 
Befunde. By Frrrz Jonannessoun. Amsterdam, Bureau tot Povorderurg van ` 
het Kinine-Gehbruik, 1930. Pp. 232. 

This book is essentially a review of 652 articles or works which throw light 
upon the problem of the physiological and therapeutic effects of quinine (Chinin), 
and of 157 articles which have to do with the effects and applications of 'Chinidin;" 
a leas completely extracted form of quinine. All of the Brace reviewed have 
been published since the close of the World War. 

The opening sections of the book deal with the topic of the occurrence of 
quinine. -The greatest part, however, deals with the physiological and therapeutic . 
effects of the drug. The book will, therefore, claim the attention of the madical 
man to a much greater extent than that of the psychologist. 

The author has rendered an important service in giving a clear and concise 
summary of the widely scattered literature upon quinine. The work is perhaps de- 
fective as regards the touch of originality; the author’s name appears once only in 
. the two long bibliographies. The material is well organized and the style is direct. 
Wellesley College . MicnaEL J. ZIQLER ` 


Psychology for Students of Education. By AnTHUR I. GATES. Revised Ed. 
New York, Macmillan Co., 1930. Pp. xv, 612. 

The révisions fall under two general heads: those which are made for the pur- 
pose of presenting material which has a maximum value in the work of the 
teacher, and those made to bring the text in line with the developments made in 
the field of psychology since 1922. One change of the first type has to do with 
the problems of physiological psycholcgy. In the old text three chapters are de- 
voted to such prablems while in the revision this material has been reduced to one. 
The omitted material is concerned almost entirely with sense organs and localiza- 
tion of functions. The omission of the chapter on conscious states and processes 
is also to be noted. The most fundamental revision due to new developments is 
in the treatment of instincts. In the new text emphasis is placed on the theo-' 
_Tetical aspects of the problem, along with the implications for education. A zon- . 
siderable amount of this material is put under the heading of motivation. Greater 
emphasis is now placed on personality and personality adjustments, and on re- 
searches in growth. Gestalt psychology, emotions and feelings in the life of the 
‘child with consideration of some individual cases, and more specific material on 
the general laws of learning—particularly from the field of psychology of reading 
and of other school subjecta—might well have received more space and attention; 
and the chapter on the nervous system could have been made more up to date and 
useful Our teachers of psychology who use the book have supplemented and 
modified the materials presented as seemed necessary. nk. 

University of Texas - C. T. Gray 
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The Eehavtor of the Newborn Infant. Ohio State University Studies, Graduate 
School Series: Contributions to Psychology. No. 10. By Kanu C. PRATT, AMALIE 
KRAUSH..RR NELSON, and Kuo Hua San. Columbus, Ohio State University 
Press, 1930. Pp. xiii, 327. 

This vestigation was carried out with sonimendable objectivity under the 
direction of the late A. P. Weiss and Andrews Rogers (1) to determine the re- 
actions o* infants to certain stimuli at birth and the development of these reactions 
with age. and (2) to note the appearance of ‘new reactions.’ The investigators 
carried ot their studies on from 30 to 70 infants beginning one to four hours after 
birth anc. continuing for about two weeks. Every infant was put into a specially 
construc ed experimental cabinet where temperature, light, sound, ste., could be 
rather acourately controlled. Provision was made for the automatic recording of 
responses in the head-foot and theright-left direction of each infant to both general 
and spec fic stimuli during the daily observation period, and two special windows 
were prcvided through which the experimenter and the recorder could make 
observat.ons and records in order to get more additional data than either of these 
could rezord by himself and also to serve ss special checks on each other's ac- 
curacy. By means of easily-markeéd symbols devised to designate different, 
carefully classified objective responses, the most commonly observed specific 
movements, postures, and conditions of the infants were recorded while the latter 
were in ~he cabinet. The experimental session was divided into ‘control periods’ 
and an ‘experimental period.’ The former were periods of no specially applied 
stimuli, intended to serve as a check on responses obtained in the experimental 
periods. During any ‘control period’ the recorder observed the infant through 
the smal window at his end of the cabinet, noting down on the tape of the Ren- 
shaw po-ygraph various data as to the time of day, hygrometer readings, position 
and condition of the infant, etc. The polygraph was then started and a paper 
strip thxee and one-half inches wide was unreeled. Upon this the activity pens 
and the zime-marker inscribed permanent records of the application of the various 
stimuli and the resulting movements as indicated above. Upon this strip the 
recorder also noted by symbols certain other specific movements of the infant. 
Thus bcth automatic records and observed records were made in their true time 
relation During the experimental periods stimuli of different kinds were care- 
fully apolied, and reactions to light, sound, taste, smell, temperature, and to the 
holding of the nose and also of the arms were recorded as already described, the 
' time and duration of each stimulus showing on the time line. 

The methods used were admittedly somewhat crude and EET and of a 
prelimirary nature. The authors find that ‘the infant is not a man in miniature." 
It is equipped soon after birth “with quite a number of reflexes, but the degree of 
their specificity and their significance seem to have been -unduly exaggera 
(p. 208)—a natural consequence, one may infer, of the earlier merely observational 
method3. The child sneezes, coughs, hiccoughs, cries, ete., and does in a general way 
adjust isself to its environment. Movements which have to do with swallowing 
are fairy well coórdinated: those movements which have to do with getting food, 
such as ‘piercing cries, high and almost convulsive-strampling activity, while nos 
coórdinated in the muscular sense, do act as strang stimuli on the social environ- 
ment ac that something is done about it," e.g. the child is fed. Similar reactions are 
given te such external conditions as decreasing temperature. ‘It seems certain 
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that such well coórdinated reactions as those implied by the terms love, rage, and 
fear do not exist at this early age" (p. 211). The authors found that the double- 
check method of observation was valuable. The reactions associated with specific. 
stimuli which also occurred during the non-stimulus periods could certainly not 
be attributed to such stimuli although many qualitative observers have so at- 
tributed them. In the responses to external stimuli, the infant’s behavior is 
geueralided so that a stimulus affecting any group of reééptors will produce a 
response in almost any part of the organism; but the reactions tend ta manifest 
themselves most strongly in that pert of the organism which is stimulated, and - 
from there it spreads out in decreasing intensity to other segmenta of the body. 
The authors say that “even within the first two weeks one may observe a restric- ` 
tion of the generalised reactions as indicated by a decrease in the number- of 
effector segments involved and an increasing specificity in their reactions to 
stimuli. We are not in a position to ascribe this increasing specificity of function | 
as primarily due to either maturity or environmental factors” (p. 208). It is 


" Obvious that earlier observations cannot be relied upon in the light of these re- 


^ 


sults by more accurate and objective methods. J.P. 


Intellectual Growth in Young Children. By Susan Isaacs. With an appendix 
on children’s ‘Why’ questions by Nathan Isaacs. New York, Harcourt, Brace & 


Co., 1930. Pp. xi, 370. 


This is the first of a series of three volumes on child development. The data 


are based upon verbatim records of the activities and conversation of a small 


group of children in a private-school at Cambridge, England, during a three-year 
period. All the children were from the professional classes, “many of highly dis- 
tinguished parents." The average mental ratio on the Burt revision of the Binet 
scale was 1.31. The superior endowment of the subjects and their stimulating 
intellectual environment must be kept in mind in interpreting the findings. 

: Isaacs points out that the verbal responses of children to a series of stand- . 
ardized questions and exercises in a mental test given by an adult do not always ._ 
afford a true picture of their actual ability to make rational judgments or to plan 


: resourcefully when motivated by the needs of a concrete situation. She takes 


issue with Piaget’s view that interest in mechanical causality and ability to 
appreciate it do not normally develop until the middle-years of childhood, and 
cities a number of gpantaneous comments and questions put by children of 3-5 
yr. of age which appear to show a level of understanding far in advance cf that 
reported by Piaget, whose conditions of observation and experiment were not, 
in her opinion, favorable to the manifestation of logical thinking on the part of 


the child. As a result of her observations ghé comes to the conclusion (p. 84) 


that “the difference between the younger child and the older, between the child 
and the adult, is thus not that the former do not reason or reason only in the form 
of the perceptual judgment and practical manipulation. It is rather the extent 
to which, with the younger children, the higher forms of noetic synthesis rest 


‘directly upon and grow ‘immediately out of the simpler. Verbal reasoning and 


the clear formulation of judgments are no more than wavecrests upon the-£ow of ` 
young children’s thought. They spring up from a practical or personal situation, - 


‘aud die down again to it. Verbal thinking can hardly yet be sustained $2 Hs own 
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right, in ths earlier years. It draws its vitality from the actual problems of con- 
crete understanding and manipulation in which it takes its rise, and the solution 
of which it furthers.: One of the marks of growth is thus the increasing inde- 
pendence o cumulative thought from immediate concrete and personal situations.” 

The mejor portion of the book is given up to accounts of individual incidents 
and conversations among the children illustrating the author's point of view. 
These repcrts are often highly suggestive, but the failure to arrange the material 
by age-levels or to group the data for the separate children in an orderly sequence 
makes it cifficult to interpret the findings in terms of the growth trends sug- 
gested by she title. The treatment Mioughonvs is descriptive and philosophical 
rather than experimental. 


University of Minnesota - ` FLORENCE L. GOODENOUGH 


The Sozial and Emotional Development of the PreSchool Child. By K. M. B. 
Brivass. London, Kegan Paul, Trench, Trubner and Co., Ltd., 1931. Pp. x, 277. 


The gr»ster part of this book consists of a detailed description of two scales, 
one for secring the social development, and the other the emotional development, 
of the preschool child, as they were formulated and applied to a group of 28 
children im the McGill University Nursery School. The author observed the 
children fcr a period of a month, with respect to the items to be scored, before 
the actualscores were made on the basis of notes taken during the month. Much 
of the gub;ectivity of the usual rating scale was avoided by the method of scoring 
the occurrsnce of specific types of behavior under given situations. For example, 
child was given a point on the gocial development scale if he had “sought another 
child’s approval” or “comforted another in distress." The careful description 
of the types of behavior considered under each item, makes possible duplication 
by others >f the method of scoring, and, in-addition, gives an accurate picture of 
the behav-or of pre-school children. 

The Seacial Development scale is made up of two sections—(I) Relations with 
Children; and (II) Relations with Adults,—each of which is subdivided into 
socially desirable and undesirable forms of behavior. These-are so worded that 
& point score is always given to the desirable reaction, and the final score is the 
percentage of observed responses which are desirable. 

The scores obtained by the nursery school children show that, although there 
are individual variations, "children between the ages of two and five years pass 
through" first a “dependent stage" where “the child is somewhat passive and 
relies on -he adult far assistance and attention"; secondly, between two and a 
half and -hree years, a stage of “resistance agains, adult influence and striving 
for power and independence." This attitude gradually changes to one of codper- 
ation and friendliness, after the fourth year. 

The Emotional Development scale, which is scored in the same way as the 
other, is civided into six sections—(1) Distress and Tears, (IT) Fear and Caution, 
(TIT) Anger and Annoyance; (IV) Delight and Affection, (V) Excitement and 
Enuresis, and (VI) Mannerisms and Speech Anomalies. The scores on this 
scale showed very slight age differences. Far more noticeable was the increase 
of sociall> desirable emotional behavior during the first few months of nursery 
school attendance—evidence of the importance of experience in determining 
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emotional bahavior “and therefore the emotions.” Wide mdividual variations 
were found, regardless of age. The kinds of stimuli which elicit the emotional 
" behavior indicated under the section headings, are discussed. 

A chapter on A Genetic Theory of the Emotions describes the increasing’ 
variability of emotional behavior inthe growing child, from the undifferentiated 
excitement of the new-born infant, to some 15 readily discriminable forms of 
emotion in the 5-yr.-old. There are additional chapters on a character rating 
scale, and comparisons of the scares of individual children on the three scales. 
A large number of photographs cf the children in the nursery school illustrate 
characteristic responses on which the scores were based. There i isa bibhography 
and an index. 

University of California ‘Nancy BAYLEY 

An Experimental Study of the Iowa Placement Examinations. By LawREncn 
WiLLIAM MinnER. University of Iowa Studies, Studies in Education, Vol. 5, 
No. 6. Iowa City, University of Iowa Press, 1930. Pp. 116. 

On the basis of careful analyses of new and extensive data and of weightings 
by multiple correlation new materials were devised and tested with a view of 
improving the placement examinations. 

Duke University —— W. A. d 


Biblical Information in Relation to Character and Conduct. By PLEASANT 
Rosco HQigsgmTowEnR. University of Iowa Studies, Studies in Character, Vol. 3, 
' No.2. Iowa City, University of Iowa Press, 1930. Pp. 72. 

Hightower attempts in this monograph to learn whether mere knowledge of 
the Bible affecta the development cf character in children. He wishes specifically 
to discover how the child’s conduct is affected when exposed to the temptation 
to cheat. 

The methods of loves don conformed to accepted. standards af — 
. The resulta indicate no significant relationship between Biblical informa-ion and 
conduct. The author concludes, therefore, that the methods of instruction and 
the “curricular arrangement of Biblical material" must be altered if desired 
results are obtained. 


Newcomb College, Tulane University —- "Daowr Sua 


La science du caracière. By W. Boven. Neuchatel, Delachaux et Niestió, 
I931. Pp. 345. 

- This work, an esaat de sage générale, is an instructive sample of a 
type of psychological writing common in Europe, but not represented in America. 
The author craws freely from both the German and the French tradition in 
characterology. His method, however, resembles less the dialectical attacks of 
^ Utitz, Künkel, Ziehen, and Hoffman than the pure schematization of Faulhan, 
Malapert, Achille-Delmas, and Boll. 

According to Boven the structure of character consists basically of three 
systems, the vegetative, the motor, and the sensorial, through which operate seven 
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major dispositions (desire, domination, pain, pleasure, fear, anger, and sympathy) 
that constitute the first assise of character The second asstse comprises the 
level of traits which are “attitudes habitually adopted” toward the self, others, 
things, and abstractions. The third asstse is composed of Iinéamenis representing 
higher integrations or 'prolongations" of traits into values, intentions, or con- 
cepts. The higher levels are more educable than the lower. 

This doctrine of the constitution of character is overlaid and obscured > the 
bulk of the book which presents a spacious view of certain general topics. The 
author hopefully undertakes to illuminate the field af character through a survey 
of heredity, embryology, intelligence, race, sex, ag», disease, and education. The 
reader is likely to feel that the treatment is indistinct, and that the scientific 
study of personality demands a sharper focus. : l 

Harvard University GorDoN W. ALLPORT 


Legal Psychology. By H. E. Burrr. New York, Prentice-Hall, 1931. Pp. 
xiv, 467. 

The author wants to show lawyers what possibilities there are at the present 
time for applying the modern technique of psychological measurement to prob- 
lems which may occur in the practice of law. After a somewhat popularizing 
introduction, a long chapter (42 pages) summarizes the most common forms of 
illusions of sensation and perception. Two briefer chapters then point out the 
difficulties most commonly obstructing attention and memory. A further chapter 
discusses hypnotiam from ite mildest aspect in “the leading question" to the 
probabilities of post-hypnotic influences. The value of testimony and confession 
and problems of the jury are then taken up. The detector methods of word 
association, breath recording, and pulse recording are treated in three chapters, 
together covering 80 pages. Two chapters of 74 pages are then given to the 
mentally disordered and the mentally defective criminal. The possibility of 
' discovering in childhood and early youth symptoms of later criminal tendencies 
is then discussed in a brief chapter, somewhat too optimistically as it appears 
to the reviewer; but the author could hardly take here a pessimistic attitude. 

The reviewer does not understand how the naxt chapter, the one on eugenics 
(31 pages), came to be fitted into a book on legal ee: as it has no relation 
to the practice of law. 

The chapter on punishment, which follows the one on eugenics, reiterates the 
arguments in favor of the possibility of making mild punishments, through 
certainty of application, as deterrent as severe, but rather uncertain, punishments. 
In a chapter on drugs the author joins those psychologists who from experiments 
on extremely simple reflexes conclude that the belief of having taken a drug 
might be equivalent to an actual drug effect. The reviewer is peeved because 
the author is unacquainted with his method of studying the effects of drugs on 
highly intellectual processes, which seemea [77 show that the expectation of a 
drug effect does not produce a result similar to that of a drug. 

Two chapters on crime suggestion and crime prevention, being purely socio- 
logical, do not seem to fit in the book any more than that on eugenics. The last 
chapter on trade-mark infringement points out to the legal profession that “the 
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i degree of confusion” can be measured more eii than various court decisions, 
seem to suppose, but admits that “many other things enter into a decision.” f 
There was a need for a book like this and the author deserves the gratitude, 
not only of the lawyer, but also of the psychologist, for having gathered whatever 
seemed to him to belong together, although opinions may differ slightly in this 
respect. 
University of Missouri - Max F. Mayne 


Psychology for the Lawyer. By D. G. MoCarry. New York. Prentice-Hall, 
1929. Pp. xii 723. 

If the matter directly quoted were to be removed from this báo: it would 
cover & little more than 300 pages. That, however, is no fault for the lawyer, 
since lawyers are accustomed to books made up.of quotations. In reviewing 
the book for psychologists, the psychologist can hardly abstain from expressing 
‘the judgment that it is of very mixed quality. There is at least one chapter 
which to the scientific thinker is trash. There are other chapters, and not a 
few, which the psychclogist will read with high appreciation of the author’s 
keenness in analyzing problems of the court room and of legal practice. Such 
are the chapters on Bias, Intention in thé Law, Psychology and the Law of 
Evidence, Responsibility and the Criminal Law, and Knowing the Cliert. . 

The introductory chapters, which give the lawyer an exposition of general 
psychology, are full of contradictions. For this the psychologists whom he has 
read are perhaps more zo be blamed thar the author. He has taken the quibbling 
of the ‘schools’ too seriously, as most psychological laymen are apt to do. But 
how a whole chapter on “phrenology with the bumps moved on the face" (so 
the author, quoting Allport, contradicts -himself) could have gotten into the 
book, is difficult to understand. The chapter on Strategy in a Lawsuit is ex- 
tremely interesting because it shows that a successful lawyer’s ethics must by 
necessity be of the same quality as that af the successful warrior; that is, brutal 
. and unscrupulous. Ths professional ethics of the practice of law has about the 
same meaning as that which the international law has in actual warfare. The - 
psychologist who is looking for problems in social psychology to the solution of 
which he might apply same of the methods which social psychology is developing, 
will find in the book a rich source of suggestions, sometimes contrary to the 
author’s intentions, but often set forth with clear intention, especially in the 
chapters which the reviewer has above enumerated as the best of the book. 


University of Misea:ri Max F, Mayar 


Psychology in Moden Business. By Hanny WALKER Huren. New York 
City, Prentice-Eall, 1020. Pp. xv, 728. 

This is in many respects a useful book in spite of the fact that it falls into 
the error of mcst books on applied psychology; namely, it covers too much 
ground on the psychological side and, on the side of application it includes too 
much from fields other than psychology. The first 150 pages of the book are 
to give the. business man insight into the “Nature of the Mental Life.” But . 
the reviewer doubts the possibility of realizing such an ambitious scheme. The 
. author wants tc protect the business man against quack methods. But can 
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that be done by dubitable bita of information like the following? ‘To under- 
etand why people behave . . . it is necessary for the business man to have an 
&equaintance with glands.” ‘Hysteria is more common among... low... 
than .. . high intelligence." In the opinion of the reviewer nothing would 
have been lost if the book had started on page 15r with “the pseudo-scientific 
methods of analyzing people." One could apply, with adaptation, to the first 
sart of the book what the author says on page 535: “We attend the theater 
"the business man reads these pages), not to see life (psychology) as it is, but to 
seo it in a romantic. situation.” More or leas this applies to the whole book. 
It is a readable book, a good seller. ` 

The bulk of the book is divided into four parts, the second ind third having 
the individual in view, the fourth and fifth the group; but it is clear that the 
distinction is more the result of book-makers practice in pleasing the reader by 
& conspicuous classification than the result of psychological science. Bo we find 
Credit, Hiring, Vocational Choice, and Salesmanship, treated as individual 
problems, bul reappearing as group problems with little change of "psychology" 
under the titles of Good Wili, Social Services, and Advertising Devices. But 
this statement is meant only as a criticism of the scientific value to the psycholo- 
gist, not as a criticism of the practical usefulness of the book for the business 
, man. The material has been largely collected from trade publications and 
commercial: magazines. 

The professional psychologist who is not a business technician may be most 
interested in the last sixty pages, the sixth part of the book, which gives rules 
for undertaking any business psychology research. The limitations of the 
laboratory method are pointed out. The questionary is critically discussed. 
A very brief account is given of the statistical treatment of rankings. A fev 
interesting tests are printed. The meagerness of the sixth part compared with 
the four parts preceding it suggests the question: How far has applied psychology 
advanced beyond being a mere study by the descriptive “case method"? Tha 
author (p. 549) is right: “Abstractions do not impress the reader." Therefore 
he has reduced them to a minimum. 


University of Missouri | Max F. Maran 


The Remaking of Marriage: A Contribution to ihe Psychology of Sez Relation- 
ship. By Pour BomgnE. Translated by T. H. Winlow. New York, Macmillan 
Co., 1931. Pp. viii, 257. ECT 

Two very brief quotations ndie the nature of this work. “In the series 
of chapters beginning -with Love and Anxiety and olosing with Heroism ard 
Tragedy I present various views and_join them loosely together without attempt- 
ing a systematization” (p. 11). "First of all, as far as the psychological stand- 
point is concerned, we reject all systems as human inventions and proceed 
directly to nature with that will to lucidity which has been given to the mind 
generally, and to the subconscious especially” (p. 19). The book is more of the 
nature of the memoirs of a practicing psychiatrist than it is & scientific treatise. 
- The author believes the chief functions of sexual relationships are to ward off 
loneliness, to smooth out life's difficulties, and to secure a ‘renewal of the spirit.’ 
Marriage is an attempt to find one’s self, and loneliness is the only valid cause 
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for divorce. He commos (p. 216) & period of betrothal which is Beinini 
,to legalized free love, but suggests that legitimization should not include publi- 
~ cation. On the other hand, he considers best of all what he terms “the sacra- 
mental union,” a joint struggle through all life’s difficulties. This, apparently, 
ig to be entered upon if the experiences of the betrothal period justify it. 
Southwestern University W. R. ATXINSON ~ 


The Influence of Training on Changes in Variabiliiy in Achievement. By 
Homer B. Resp. Psychological Monographs, No. 185. ane The Psycho- 
logical Review Co., 1931. Pp. 59. 

Reed gives a critical evaluation of eight different statistical techniques that 
have been used in studying changes in group variability with training. He selects 
three of these, viz., (1) coeficient of variability, (2) correlation between initial 
score and percent gain, and (3) ratio of best to worst before practice compared 
. With ratio of same individuals after practice, as beirig best adapted to the problem. 
These three measures are reported for the data of 25 published investigations, 
Reed computing the measures himself whenever not given by the authora. It is 
pointed out that when the same measures are used, the apparent discrepancy 


' between the results of different investigators disappears, the great majority of 


results showing & decrease in variability with equal training. 

A statement frequently repeated by Reed throughout the monograph is that 
the S.D. takes into account only the middle two-thirds of the cases, This seems 
to be based on a misinterpretation of the fact that a distance of + 1 S.D. from the 
mean will, in a normal distribution, include roughly two-thirds (actually 68%) of 
the total number of cases. This does not imply that only those cases are taken into 
account by the 8.D.; the extreme deviations have, in fact, more weight than those 
near the mean in determining the size of S.D., since each deviation is squared. 

In addition to his analysis of published data, which takes up the larger part 
of the monograph, Reed reports two new researches on the problem. The first 
is on practice in a motor task, viz., throwing the yo-yo top. The subjects were 


- 37 college sophomores. They had a total of eighteen 10-min. practice periods, 


the score being the number of successful ‘catches’ during each period. In the 
second study, the Stanford Achievement Test and the Compass Survey Arith- 
metic Tests were given in October, February, and May to 137 school children 
in grades 2 to 8 inclusive. The ‘practice’ consisted only of the ordinary classroom 
work intervening between the three testings. The various measures of varia- 
bility computed in the two studies again show a decrease in individual differences 
after training. In addition, the probability of a decrease in variability seems to 
be greater for the extremes of the distribution than for the individuals closer to 
the mean. Reed writes about these results that “the greater the difference 
between individuals in achievement is the greater the probability that training 
will reduce this difference.” (p. 53). His data suggest only that this is true 
within any one distribution; no evidence is given that it applies to comparisons 
between distributions. Finally, Reed suggests the possibility that the amount 
of reduction in variability may be a function of the amount of gain during the 
training period. His evidence is that in the study on school-children, greater 
gain as well as greater reduction in variability occurred from October to February 


- 
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than from February to May. This raises an interesting problem which should 
be investigated, and we wonder why similar results are not reported for the 
deta on the yo-yo top. In that study, practice was more carefully controlled 
than in the study on school children, and furthermore, there were 18 rather than 
4 records on each subject. Such data would have been much better adapted 
than those used to studying the course of decrease in variability and its relation 
tc the course of improvement in performance. 

The criticisms suggested above do not in any way detract from the funda- 
mental contributions of Reed's study, whieh seem to be, first, the demonstration 
of the essential agreement among published results on the effect of practice on 
variability, and secondly, the suggestion of & number of questions which require 
further investigation. ] 

Columbia Univeraity ANNE ANASTASI 


f ` i 

Das Genie-Problem. By W. Lanex-Ercxpaum. Munich, Ernst Reinhardt, 
I931. Pp. 128. 

This little book is nineteenth century.in spirit, in method, and in such few 
allusions as are made to the work of scholars other than the author. Gravely 
assuring his readers that an afialytical study of genius should no more destroy 
its enchantment then should the study of botany and astronomy detract from 
the beauties of nature, the author proceeds to outline his field, and succeeds in 
making it appear very complicated indeed. The necessary and sufficient condi- 
tion of genius are discussed in Chapter 1. In succeeding chapters are considered 
(1) sociological aspects—fame and milieu; (2) endowment of mind and body; 
(3) genius and insanity. Problems (1) and (2) are handled as meticulous expan- 
sions of the definition of genius formulated in Chapter 1: “a bearer of spiritual 
values who is revered by many.” The bearer, the values found in his accomplish- 
ment, the recognition accorded him, and his admiring public, are methodically 
discussed under such headings as “‘disposition and aptitude;" “inborn talent;" 
and “the origin of fame.” 

The section on problem (3), genius and insanity, is not closely related to the 
main discourse, but deals with the incidence of psychoses and psychotic traits 
among men of genius, and. seeks to establish an intimate functional relationship 
between genius and mental disorders. In this field, where vigor of thought and 
positiveness of statement cannot substitute for research data scientifically col- 
lected and interpreted, the author is most inadequate. Disregarding all modern 
studies of the much discussed subject, he builds up from within a remarkable 
series of statements and inferences. Of these, the climax is the conclusion that 
while genius and madness may not be synonymous, the insane are more liable 
than others to become eminent! l 


Pasadens City Schools . Banana S. Bunxs 


Animal Motivation: |Ezperimenial Studies on the Albino Rat. By C. J. 
W ARDEN, with the Collaboration of T. N. Jenkins, L. H. Warner, Marion Jenkins, 
E. L. Hamilton, and H. W. Nissen. New York, Columbia University Press, 
1931. Pp. xii, 502. 

This volume brings together 13 reprinted papers and one new article reporting 
researches on animal drives. The entire project is an attempt to measure and 
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compare the naximal strengths of the maternal, thirst. hunger, sex, and explor- 
atory drives under definitely standardized conditions. The reviewer feels that 
it is probably the best work that has been done in this field. It is superior to 
previous studies in its methods and apparatus, which were definitely standardized 
after much preliminary experimentation, in its detailed statistical analysis of ' 
the results, and in the intrinsic value of the results and conclusions themselves. 

The method used in all the studies, except the four in the appendices, is the 
well-known oLstruction method which involves the placing of an obstruction 
(electrical grill) between the animal and the incentive. Indices of the relative 
strengths of the drives are in terms of the number of times the animal passes 
from the entrance compartment through the obstruction compartment, into the 
incentive compartment in a certain period of time (here 20 min.). 

Since all of the papers making up the present volume, except the one which 
compares the maximal strengths of the drives, have appeared elsewhere, we 
shall deal principally with the latter. 

The different drives are considered to be maximal efter deprivation periods 
of one and twa days for the females and males, respectively, for thirst, and two 
and four days for hunger. Sex deprivation for one day for the males and the 
female in oestrum produce the peaks of sex activity. For the maternal drive 
females who hed given birth to their litters 15 hours before testing ware used. 
For the exploratory drive no special arrangements were made to control the 
little-known inkra-organic conditions influencing the tendency. There is, of 
course, no assurance that the last two drives were maximal. The incentive used 
for the maternel drive was the living cage containing the litter of young. This 
means that the maternal drive plus the tendency to return to the homs nest 
were both invalved. This possibly accounts in part for the great motivation 
under these corditions. ‘The authors recognize these limitations. Under these 
conditions the crives are ranked in strength as follows: maternal, thirst, hunger, 
sex, exploratory. 

Besides these limitations, there is another objection: when comparisons 
between the drives are made on the basis of 5-min. periods instead on thet of 
total scores, significant differences in persistence are found. This means that 
the ranking of the drives is in part a function of the length of the test period. 
If the drives are ranked on the basis of every 5-min. period, thirst decreases in 
rank from first in the first two periods to fourth in the last. On the basis of 
totals it is placed second. The exploratory drive is the only one that maintains 
a constant rank throughout. 

Since we are »omparing the maximal conditions of the different drives perhaps 
we should use the period showing the greatest number of crossings. These we 
find pp. 385, 392, to be thirst in the first 5-min. period (153 times), maternal in 
the first (126), Funger in the third (100), sex in the fourth (94 both sexes), and 
exploratory in tke first (48). These comparisons lessen somewhat the significance 
of the final rank ngs given by the authors. If the test period were ro instead of 
20 min. in length, the peak of activity would be after a deprivation period of 
two instead of three days for hunger. Table 5 (p. 205) shows that the 35-deys- 
segregated males, after 28 days of sex deprivation, cross the electric grill to get 
to a cornified female 16, 40, 54, and 101 times, respectively, during each of the 
four successive 5-min. intervals. After only one day of sex deprivation they 
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cross 76, 63, 60, and 70 times during the corresponding periods. The totals are 
211 and 269, respectively, and the authors conclude that “after one day [of 
deprivation] the sex drive seems to ciminish slowly in strength as the segregation 
period lengthens” (p. 212). The results suggest chat if a longer text period had 
been used a somewhat different conclusion would be justified. And, after all, a 
20-min. test period is rather arbitrary! The authors admit that the meaning 
of the “loose concept of persistence of drive is not at all clear" (p. 384), but 
their failure to take it into consideration lessens somewhat the significance oi 
some of their comparisons. 

A few errors occur. The “22” in the column at the extreme right of Table 3, 
p. 385, opposite “‘Sex-female, Oestrum," should be *122." On pages 78 and 80 
a one-day starvation group is mentioned, but so far as the reviewer is able to dis- 
cover there is no such group in the study. There is much unnecessary repetition in 
the details of apparatus and procedure, and in the bibliographies. Every oneof the 
seven parts and the separate appendices has an introduction by the senior author. 


University of North Dakota C. W. TELFORD - 


Child Psychology.. By Joun J. B. Morean. New York, Richard R. Smith, 


Inc., 1930. Pp. viii, 474. 

After an introductory chapter on Methods and Objectives of Child Study, 
the author lays the foundations for his later discussion in a chapter on Infant 
Behavior. In this part, he makes effective use of recent experimental data gath- 
ered from studies on infants, in order to show the genesis of later attitudes and 
more fully developed behavior. The subsequent chapters are written chiefy 
from the point of view of the clirieal psychologist. All in all, the reader mey 
get from them a fair notion of the possibilities of education and control, as well 
as the best means by which désired ends may be accomplished. Advice for 
guidance and for treatment of problem chi'dren is concretely given with 
examples drawn from the author’s experience. A list of the additional chapter 
headings will indicate the subjects covered. The Child's Adjustment to His 
Family, Motor Development, Emotional Devalopment, Motivation, Develop- 
ment of Meanings, Imagination, Language, Verbal Learning, Thinking and 
Working; Play, Social Development, Intelligence, and The Integrated Child. 

In the preface, the author expreases the belief that the book will be of value 
to teachers and to parents, and that it may serve as a text in child psychology. 
For the latter purpose, it seems to the reviewer somewhat elementary, although 
on the whole,-it may be recommended to such of the former as do not possess 
any special knowledge of the subject, and who will not be too much annoyed 
by the trivial platitudes which so frequently fill up the spaces between useful 
facts and wise clinical insights. 


University of California Nancy BAYLEY 


Cope: Master Naturalist. By HENRY Farrrmip Ossorn and others. Prince- 
ton, Princeton University Press, 1931. Pp. 740. 

This is a life story of a great naturalist and it is well worth the perusal of all 
students of natural science. Many of Cope's letters are reproduced which not 
only make pleasant ene but which throw SOE gidelights on his scientific 
ideas. 
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Cope was superlatively able and productive in comparative anatomy and 
vertebrate faunal zoólogy and paleontology. His personal experiences and 
human contacts, his travels and dealings with all sorts of people, his general 
reading and philosophical speculations, his interest in comparative ethnology, 
in human and amthropoid variability, in phylogeny and evolution, in archeology 
and pre-history. and his special work in osteology, craniology, and comparative 
odontology conmect him with the anthropological and psychological sciences. 

A classified Eibliography of 1395 titles lists a number of interest to the psychol- 
ogist—in particular the genetic observations and discussions on the habits of 
many types of animale. 

New York City . Winuam Harper Davis 


Social Psychalogy. By JosEPH K. Forsow. New York, Herpes 1931. | Pp. 
rvii, 701. 

'The expressed wish of the author is that his book will prove sial scceptable . 
to psychologists, sociologists, and cultural anthropologists. Basic to this hope 
is the treatment of social psychology from three different angles; namely, indi- 
vidual behavior approach, sociel intéraction approach, and cultural approach. 
These three approaches to the field of social psychology are treated in the order 
indicated and, if she author's judgment is our criterion, they have been integrated 
into a well orgarized whole. Before questioning the validity of this judgment, 
it should be admitted that Folsom has drawn intensively upon many inductive 
studies of social kehavior, although his claim to have covered all of the important 
discoveries and conclusions of research in social psychology need not s taken 
aeriously. 

Undoubtedly sociologists and cultural anthropologists are capable of evaluat- 
ing Folsom’s contribution to their respective fields. In the reviewer’s opinion, 
psychologists will easily detect the absence of integration within the “approach 
trinity” and, in addition, they will question the pertinence to social psychology 
of the greater part of the material arrayed under the individual behavior ep- 
proach. Lengthy descriptions of the nervous system and discussions of theories- 
. of learning, occupying as they do approximately one-sixth of the total text, 
immediately conf-ont the student of social psychology; yet the author kindly 
informs the persistent reader, ‘we are now to take the elementary processes for 
granted and to sudy the higher forms of organization” (p. 135). In similar 
manner chapters Y and VI, entitled Wish Frustration and Personality Readjust- 
ment and Individual Personality Differences and Their Measurement (pp. 167- 
295), which conclude the individual approach, are not utilized appreciably i in 
- succeeding discussions. These two chapters contain excellent material for 
students of abnormal psychology and of personality measurement, but a reader 
ignorant of the book title could not be expected to guess it correctly from the 
contents of these chapters. The section of the text presumably of interest to 
psychologists is nct an organised unit jbut a series of discrete topics. Had these 
been made to yie.d service to the two remaining approaches the book would 

command the interest of psychologists, but the lack of integration forces attention 
primarily to a few meritorious chapters. 


University of Minnesota .. CHARLES BIRD 
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Academic Progress in the Universtiy. By Haroun A. EDGERTON. Baltimore, 
Warwick & York, 1930. Pp. 83. 


“This study has as ita purpose the investigation of some of the possibilities 
of a system of cumulative academic prognosis.” The sample consists of those 
students who entered the five largest colleges of the Ohio State University in 
1924 and 1925. The criterion of academic success is the point-hour ratio during 
the student’s first six semesters in the University (points being determined as 
follows: each hour of A, 4 points; B, 3 points; C, 2 points; D, 1 point; E, o points). 
Results are presented separately far each sex and for each ofthe five colleges. 
Briefly, it is found that the correlation between academic success and percentile 
score in the Ohio State University Psychological Examination (Intelligence 
Test) is, for the 1924 group, 0.517; for the 1925-group, 0.490. Between academic 
success, and a combination of intelligence test and point-hour ratio at the end 
of the first semester, the multiple correlations are 0.882 and 0.868 for the 1924 
and the 1925 groups respectively; between academic success and-a combination 
of intelligence test and point-hour ratio at the end of the fifth semester, the 
correlations are 0.979 and 0.983. Intelligence-test score contributes practically 
nothing to these last four correlations which is not already included in the 
point-hour ratio. It is concluded that academic success (i.e. point-hour ratio 
at the end of the first six semesters of work) can be reliably predicted from pre- 
vious academic performance. 

Edgerton's monograph supplies a careful, thoroughly competent study of an 

important problem. The statistical technique, in particular, merits commenda- 
- tion, among other things, for the use of Fisher's s—function of r. We are less 
certain as to the theoretical validity of the use of percentile scores in Pearsonign 
correlation. The defense to this, doubtlessly, is the practical fact that percentile 
scores are what the Ohio State University actually employs in its personnel work. 
The reviewer fails to understand why no attempt was made to determine, by 
some split-half technique, the reliability of the point-hour ratio; the fact that 
raitos are involved is not the statistical kebold that Edgerton (p..17) would ap- 
-pear to believe. 

The weakest point of the monograph doubtless lies in its serious omissian. 
What is the correlation between academie performance in the first three semesters 
and in the next three? An answer to this-questicn would constitute real pred:c- 
tion. Edgerton, per conira, presents only ihe ccrrelation between performance 
in a certain number of semesters, and performance in a longer period which 
includes ali the past semestera but ane. This is not. genuine prediction at all, even 
if it be “prognosis.” 

University of California ` Herprat B. CONRAD 


Mental Development of the Child: A Summary of Modern Psychological Theory. 
- By Karu Bünunzz. Translated from the 5th German ed. by Oscar Oeser. New 
York, Harcourt Brace & Co.; London, Kegan Eus 'Trench, Trubner & Co, 1930. 
Pp. xi, 170. 

This volume is chiefly a summary and discussion of the early German contri- 
butions to the field of child psychology supplemented by considerations of the 
experiments of Kóhler and those of C. Bühler, Hetzer, and others in the Vienna 
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laboratories. “he plan of arganization does not seem to the reviewer to be en- 
tirely consistent. There is an excellent and brief summary of comparative psy- . 
chology in so fer as it contributes to the study of the young child, and the treat- 
ment of physical development is clear and concise and has excellent illustrations. 
The author distinguishes tha three factors operating in successive stages of be- 
havior—instinct, training, and intellect. Instincts are considered to be “a ready- 
for-use inheritance of modes of behavior set going in a definite way according to a 
preformed natcral plan." "Training works by suppressing some, accentuating . 
others and forming new: combinations of the instinctive modes. Intellect is 
defined as “the ability to diszover and invent." It is used almost synonomously - 
with the Gestalt “insight.” ` 

The later chapters are highly theoretical and aré chiefly expressions of opinion. 
There is little e~idence thet the author is familiar with the outstanding experi- 
-mental studies by French and American investigators in recent years. His 
chapter on children’s drawings does not include a mention of the Goodenough 
“Drawing Test" nor does his chapter on language reveal any knowledge of the 
work of Descoeudres, Piaget, Smith, and many others of importance. However, 
his approach to the development of concepts, judgments and reasoning in the 
child is strikingly similar in many respects to Piaget’s. Although all the books of 
Piaget are listed as references at the end of the chapter on the Origin of Concepts, 
there is not a single mention of these works in the text. Inasmuch as this volume is 
a summary of the author’s Drie geistige Eniwicklung des Kindes it probably should 
not be censured for incompleteness. However, any adequate “summary of 
modern psychological theory” (italics mine) should include at least some comments 
upon the outstarding recent-experimental studies in the field. The revision thus 
leaves much to ba desired. The first edition was published in 1919. 


University of Georgia Donorggma MoCARTRY 


A Syllabus for the Firat Course in Experimental Psychology. By 8. L. Craw- 
LEY. New York, Henry Holt & Co., 1930. Pp. 177. 

This is a practicable manual for use in schools with no or very limited labora- 
tory facilities. Most of the experiments, of which there are 24, are of a type that 
makes possible taeir use with an entire class as. subjects and the instructor as 
experimenter. The directions are complete, although sufficient provision is made 
for adaptation of technique to local conditions. The experiments outlined are of 
the usual sort, dealing with individual differences, observation and report, sug- 
gestion, sensory acuity, feelings, intelligence, learning, memory, ete. A bibliog- . 
raphy of from 10 :o 41 references for each experiment, consisting chiefly of citations 

‘in elementary tex:s, is quite complete for its type. It could have been improved, 
however, had certain of the best treatments been starred, or those books indicated 
which give practically the same summary of any one topic. Detachable sheets 
for experimental write-ups are included in the manual, as are also forms for that 
material which needs to be mineographed. A helpful list of firms which deal in 
laboratory equipment is appended. The syllabus should supply a real need as a 
bit of enlivenment for the all too customary textbook course in psychology. 

DePauw University EraPHEN M. COREY 
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Educational Measurement in the Elementary Grades. By I. N. MADSEN. 


| Yonkers, World Book Co., 1930. Pp. x, 294. 


This is a useful rather than a highly important or significant book. Like 
certain men, it is adequate without being brilliant—and adequazy, though less 
exciting, is often more satisfying. 

Recognizing the needs and imitations of beginning students in normal schools 


and colleges, the author has attempted to meet these needs without putting a 


atrain upon the limitations. Assuring a complete lack of informa-ion on the part 


-of the student in the field of tests and measurements, he devotes the first part of his 


book to a simple presentation of the facts of individual differences and of elemen- 
tary statistical procedures. 

A chapter each is given to individual intelligence tests and to group teste. This 
material is followed by the most distinctive section of the book—a presentation 
and brief discussion of all the worth-while achievement tests on the elementary 
school level. Any teacher, beginner or otherwise, would find this material of 
great practical value. As Terman says in the Editor’s Introduczion, “Dr. Mad- 
‘yen’s book gives about all the information on this subject that can reasonably be 
regarded as easential for the rank and file of teachers to have.” 


University of Minnesota HunnBERT A. CARROLL 


“Insight” in Rats. By E. C. Torman and C. H. Howzrg. University of Cali- 
fornia Publications in Psychology, Vol. 4, No. 14. Berkeley, University of Cali- 
fornia Press, 1930. Pp. 213-232. 

This brief paper reports three attempts to prove "insight" in the white rat in 
various types of maze situation. The general procedure involved, first, a pre- 
liminary training on the apparatus in which a strong preference for one pathway 


-to food was developed, a lees strong preference for a second pathway, and no 


preference for & third pathway; secondly, the “insight” runs in which only the 
latter pathway is open. If this pathway is taken directly by the rat, then insight is 
supposedly indicated. Testa wers made on three types of mazes, embodying this 
essential feature but different in minor details.. In only one of the three set-ups 
were positive results secured. The authors acknowledge that we do not know 
under what conditions insight appears, and they might have added that we do not 
know what insight is, either in rat or man. Interpretations aside, the authors have 
shown how the white rat behaves in three situations in which it looked as if 
"4nsight" should appear if the rat possessed the same sort of insight as the authors 
exhibited in arranging the problem for the rats. 


Columbia University C; J. WARDEN 


Coöpsration and Competition: An Experimental Study in Motivation. By 
JULIOS BERNARD Mauer. New York, Bureau ot Publications, Columbia Univer- 
sity, 1929. Pp. x, 176. 

Hight hundred and fourteen pupils of graden V to VIET ware tested for sposd of 
simple addition (1) when merely practicing, (21 when attempting to attain high 
individual ranks, and (3) when the scores of ons school class were to be compared 
with those of another class. The difference between the pupil’s score when work- 
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ing for himself and his score when working for the group was taken as a meastre of 
his codperativenzss. A second measure of coüperativeness was obtained by al- 
lowing the pupils to choose at the beginning of seven tests whether they would 
work for themselves or for the group. Competition (work for self) was fourd to 
result in greater speed than codperation, 32.4 examples more on the average in 
I2 minutes work a difference 13.2 times the S.D. Also work for self was chosen 
74% of the time. The two measures of codperativeness were found to have a 
' correlation of 0.23, although the reliability of each measure was found to be high. 

Coóperativeness was found to differ with the homogeneity of the group (work 
in a specially organized team was more efficient even than work for self), witk sex 
(girls more often shoose to work for the group, but in general they do not work as 
near their maxirrum speed when working for the group), with nationality, and 
with the amount of discussion about the significance of coöperation (Boy Scouts, 
Girl Scouts, etc. were more codperative than their classmates, and after a series 
. of three discussiors the work for the group was more efficient). Siblings and mutual 
friends were found to resemble each other in coBperativeness. 

The measures of coöperation were correlated with a great number of other 
measures and ratings: (1) rating in codperativeness by classmates and teachers— 
.35, (2) rating-in coóperativeness by a psychologist—-.80, (3) other testa of helpful- 
ness—-.42, (4) intelligence—positive but curvilinear, (5) chronological age, mental 
age, moral knowledge, resistence to suggestibility, deportment in school, character 

ratings, tests of Lonesty and inhibition, neurotic index—positive, (6) speed. of 
work, variability in speed, health condition, vision, condition of teeth, nutrition, 
socio-economic stetus, frequency of attendance at movies, weight-height ratio— 
negative, (7) number of friends and number of siblings—positive but curvilinear. 

Those who were in the upper quartile of codperativeness as measured by the 
difference in speed of work for self and for Vie group were compared on 66 variables 
with those in the lower quartile. 

This study is, ia the reviewer’s opinion, an important contribution in the fisld 
of character educazion and trait measurement. The low correlation between the 
two measures of ecdperativeness and between these and other testa of helpfulnass 
raises the question, pertaining to most tests. Whatis measured? But testing and 
correlating test results with other variables seems promising method of attacking 
certain very real and practical problems. l 

Stephens College Carr N. REXROAD 


Sangren Information Tests for Young Children. By.Paun V. BANGBEN. 
Yonkers, World Bcok Co., 1930. Pp. iii, 28. 

These are individual tests intended (1) “to call attention to the need for greater 
definiteness and certainty in nursery and kindergarten instruction,” (2) to 
determine what young children at various stages of maturity and of instruction 
actually know, (3) to fix certain standards of promotion and placement, and 
(4) ‘to provide a basis for instructional practices and classroom management at 
the beginning of the first grade" (p. 1). Six types of material are used: Nature 
Study (28 items, maximum score 35); Numbers (17 items, maximum score 35); 
Vocabulary (35 words from the Gates Primary Reading Vocabulary, maximum 
score 35); Social and Civic Information (30 items, maximum score 31); House- 
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hold Utensils (16 items, maximum score 22); Language and Literature (eight 
divisions of items, maximum score 35). Children are examined individually, 
and the test scores are designed to supplement rather than to supplant intelli- 
gence measures. Norms (median scores) for the test as a whole and for tke 
verious parts are given for ages 5, 5, and 7-yr., and are based on the resulis 
secured with 91, 127, and 32 children, respectively. In the absence of more 
desirable criteria of validity, test scores were correlated (1) with chronological 
age—r ranged from 0.02 to 0.25; (2) with Stanford-Binet MA—r ranged from 
0.46 to 0.73; and (3) with Stanford-Binet IQ—r ranged from 0.36 to 0.66. Relis- 
bility of the test obtained by correlating test-halves and using the Spearman 
up-step formula was 0.96. 

A carefully planned and easily understood manual gives all instructions for 
scoring and recording. Publication, however, seems to have been premature as 
age-norms are based on data secured from only 250 children representing “not 
unselected groups” (p. 4), and standards of grade placement and promotion are 
derived from data for only 62 kindergarten and 63 first-grade children. One 
may question, moreover, whether the six types of material which comprise the 
testa furnish an adequate sample of a child’s general information. The value of 
the tests for determining promotion and placement in the kindergarten and first 
grade is probably limited since the information tested is of little importance for 
the educational objective at this level of instruction. 


Duke University l W. A. BROWNELL 


Reéducation psychologique par ie travail. By Maurice Dmr. Toulouse, 
Lyon & Bros., 1930. Pp. 22, four plates. 

This i3 a pamphlet presenting from extensive successful experience & plea 
for the value of absorbing, constructive work in the psychological reéducation 
of mentally deranged individuals who have a certain degree of clearness. The 
author shows a number of full tone photographs of beautiful furniture, of deco- 
rative work forged in iron made in his own irstitution by the inmates, and of 
buildings constructed with their aid. The idea seems to be to get the inmates 
so interested in some real productive work of any kind whatever—including 
gardening, breeding domestic animals, work in nurseries, etc.—as a mode of self- 
expression that they lose the abnormal inhibitions and thoughts of self, and 
emerge from the monotony of routine existence and conflict into self-functioning 
individuals able to resume normal social habits. He admits that the surprise 
provoked by such tendencies to industrialism in mental hospitals indicates how 
such an innovation affects traditional opinions and conflicts with administrative 
dogmas. J.P. 


Mind and the World-Order: Outiine of a Theory of Knowledge. By Cuarenon 
Irvine Lewis. New York, Charles Scribner’s Sons, 1929. Pp. xiv, 440. 

This is an approach to the problem of knowledge from the field of exact logic, 
from a point of view labelled by the author “sonceptualistic pragmatism.” The 
method is reflective; “it accords with the Sccratic presumption that the truth 
which is sought is already implicit in the mind which seeks it, and needs only 
to be elicited and brought to clear expression. It accords, further, in the recog- 


* 
+ 
T 


852- ag . . BOOK REVIEWS 
nition that it is definitions or ‘essences’ which are the philosophic goal.’ Lewis 
suggests that Reality (with a capital R)-is a sterile concept. Instead, the term 
“Zeal” can be compared, to the term ‘useful, " and as & thing may be useful for 
‘one purpose and useless for another, so it is real from one point of view and 
unreal from another. ‘‘Nothing is real i in all categories; everything i is real in 
some category.” The categories are ‘independent of ‘experience.in that they are 
derived by definition, and a thing may be unreal physically by definition; while 


being real experimentally. 'lhe.proper task of philosophy is the consideration E 


of these categor-es and the explicit definition of them, - > 


A logical analysis is thade of the kriowledge procéss, and:the conclusión is | - 


reached that “tkere is no ‘knowledge of external reality without the anticipation ' 
of future expericrice."' ian when valid, is always verifiable; verification 
may be actual or hypothetical.’ 

The author criticizes, in passing, those who deny the existence of consciousness 
because the "mental" must always be analyzed in terms of bodily behavior. An 
analysis must inserpret the thing analyzed in terms of its constant relation to ' 
other things, and a term is not another term with which it has a constant correla- 
tion.. The book is primarily an essay in epistemology and metaphysio, and 
is not directly re.evant to psychology. It demands and will repay careful study ` 
by those who are interested in the problems considered.. 


Cornell University. ` l MERRILL F. Rorr 


La répression mentale. By PauL SorurgR. Paris, Félix Alcan, 1930. Pp. ii, 218. 

Sollier is interésted primarily in repression as a dynamic phenomenon, con- 
sidering that the process of repression is more important than the thing repressed. ` 
He objects to thə Freudian doctrine on two grounds: first, that there are no 
instincts, properly speaking, but imbalances in the organism; and secondly, 
that anything, good or bad, may be repressed if there is a contrary force working 
against it. ‘“We may say, in effect, that there exists no psychological phenome on 
having any more than another phenomenon the privilege of provoking“nental 
repression.” 

Repression, for him, is a “phenomenon constituted by three essential and 
contemporaneous elements: a tendency arrested in its course; a resistance which 
not only arrests but also represses the tendency; and affective reactions or painful 
affective forces waich result therefrom." The tendency is the activity of the 
organism in disequilibrium; the resistance may be internal or external, but is 
always active; the affective reactions are emotional disturbances. ‘Mental 
repression is essen-ially an active, dynamic process, but one in which the energy 
expended is emplcyed in negative rather than positive work.’’ Thus, the re- 
pressed individual may appear superficially inactive, but show definite fatigue; 
or he may even break under the strain, just as a ship may seem stationary but 
be strained hy being impelled-in one direction by the current and in the opposite ' 
direction by the wind. “Between the physico-chemical world and the psychic 
world there is no 3eterogeneity, and the same laws govern both.” 

Sollier finds the phenomena of repression in various aspects of life. All 
repression, of course, is not to be considered harmful, for our social life would be 
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impossible unless each. individual were taught to give up certain personal liberties 
to sngure liberty to the group. The author views individuals as dynamic: mech- 
anisms amenable to the laws of energy-changes and the réesultants of opposing. 
forzes just as are objects in the physical world. While such analogies are probably 
mote helpful than to consider individuals as mystic compounds affected by such 
intangibles ns “wil,” > "'subeonscious memories," “the censor,” and so on, no 
data are offered to support these analogies. La i a mentale is PasentaUy & 
,: book of philosophical Li. 
University of boca 
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The Principles r PNE By DANIEL S. Rosinson. Second Edition. 
l New York, D. Appleton’ & Co., 1930. Pp. xviii, 393. ~ ' 

The modifications in the second revision consist in the addition 71 but little 
new material here and there and in minor correstions. References are brought 
up to date and new sets of exercises replace those in the first edition. The addi- 
tion most interesting to the psychologist is a thres-page discussion in which the 
&ubhor's ‘implicative system’ is identified with the. pattern concept of Gestalt 
psychology. Three of Kóhler'a experiments “to determine the extent to which 
ch'mpanzees can reason” are considered. In what the author calls the integrative 
experiment, the problem for the chimpanzee was to, complete a pattern which 
lacks but one link, as taking a stick or other long object to pull a banana within 
reach; in the analysis esperiment the animal was to.pull a bahana within reach 
by one of two available strings so arranged that the objective would have to ba 
pushed back and to the side behind a wooden frame and then pulled in, rather 
than being pulled indirectly by the other string: and in the synthesis experiment 
two sticks put inside the cage were to be joined together like a jointed fishing 
pole so that the food could be reached. Robinson contends that in these experi- 
ments the solution depended or the animal’s “comprehending the way the pattern 
is to be completed before he performs the action io complete it" (p. 11). This 
method of simply reasoning from examples of problems solved to the conclusion 
that certain pattern (or other) relations were apprehended now appears naive to 
tha student of animal behaviour. It is essentially the method that was early 
discarded in experiments with animals, for good empirical reasons. The author 
is not unaware that explanations in terms of purpose are objectionable to science, 
bet holds rather arbitrarily to the need of such explanations in “ethics, legel 
science, and other social sciences” (p. 322). This persistence in old methods 
(which have proved inadequate per se in experimental research) is worth serious 
consideration in relation to the relative lack of progress in ethics and ‘egal 
science:’ Action with purpose is certainly not characterized by non-predictability 
or lack of relation to external and bodily conditions. m 


The Meaning of Sacrifice. By R. Monny-Kyrin. The International Psycho- 
Analytical Library, No. 16. London, Hogarth Press, 1930. Pp. 273. 

This treatise is a contribution to the Freudian literature, attempting “to 
apply the findings of psychoanalysis in the social fiald” (p. 9). Its primary thesis 
is “that sacrifice is a symbolic parricide” (p. 207), a “neurotic symptom” (p. 71). 
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Incestuous and parricidal desires are assumed, numerous inhibitions compel re- 
pression of them, and there result an ambivalence of love and unconscious hate 
producing a serse of impotence, until by a process of projection and substitution 
. the original parrieidal desires are directed toward a chief, a totem, or a god, “the 
symbolic expression of an unconscious desire for parricide which each individual 
' has acquired for himself" (p. 260). Distribution, modes, and theories of sacrifice 
are discussed. An exhaustive index is provided, but no bibliography although - 
frequent references are given in footnotes. ` 

This book presents an excellent illustration of the extent to which a favorite 
theory may be applied by an uncritical enthusiast. It abounds in assumptions. 
Probably ite ch_ef value is that it contributes an elaboration of a single Freudian 
principle, thus furthering its ultimate acceptance or rejection. 

Syracuse University Ernst THELIN 


Value of Marking Hard Spots in Spelling. | University of Iowa Studies in 
Education, Vol V, No. 4. By L. S. Tieman. Iowa City, The Upiversity 
Press, 1930. Pp. 48. 

For the study of the influence of marking hard spots in learning to spell, 
two lists of words were selected from Master's lista of words. ‘The hard spots 
were indicated to the experimental group by (1) underlining, (2) using capital 
letters, (3) using bold faced type, or (4) having the child mark his own hard spots. 
The only other difference in method was this statement to the group mentioned: 
“Note that a part of each word on the study is marked in a special way. This 
indicates that is is a hard spot in the word—one that you are apt to misspell.” 
The conclusions are: “After a study of over 4000 pupils of the 4th, 6th, and 
8th grades, involving a half million spellings, one is impressed with the consistency 
with which the data show that marking hard spots is of little or no value... . 
The fact stands out that the pupils who studied words with the hard spots marked ` 
made poorer scores-than those who studied lists with words unmarked.” 

University of North Carolina A. M. JORDAN 


- 


Non-Language Primary Mental Test for Kindergarten and Grades I and II. 
By Roporr Prutner. New York, Teachers College Bureau of Publications, 
Test Booklet, 1929, pp. 20. Manual of Directions, 1930, pp. It. 

This test is davised for young children in the kindergarten and first two grades. 
All the directiors are to be given in pantomime in the form of & game. Though 
the author says that the test is difficult to give, the procedure is outlined in 
clear detail and the test material is simple, easily handled, and interesting. 

The test, winch might more accurately be called a scale, is made up of four 
sub-tests includ.ng & total of 83 separate test-items. Directions are given for 
weighting scores on the separate sub-tests, and a table presents norms for chang- 
ing total weighted scores into years and months of mental age. Norms are based 
upon responses from 157 children at kindergarten level, 123 children from grade 
I, and 168 child-en from grade I. 


BOOK REVIEWB : 855 


The reliability of the test, calculated by correlating odd and even items, is 
given as 0.90 for the first grade (N = 111), and 0.86 for the second grade (N « 129). 
It is not givei for the kindergarten children. Kindergarten scores correlated, 
with Stanford Binet scores (on 80 Ss) gave a coefficient of 0.61, and 154 kinder- 
garten and first and second grade scores yielded a correlation of o. 5: with the 
Pintner-Cunhingham test. 

Child Guidance Clinic, St. Paul, Minn. Grace ARTHUR ~ 


Test Method Helps, No. $. Manual for Determining the Equivalence of Mental 
Ages Obtained from Group Intelligence Tests. By Rosa O. BON Yonkers, 
World Book Co., 1930. | Pp. 14. 

It is well known that there are enormous variations in mental ages as deter- 
mined by different group testa. This Manual gives “equivalent mental-age 
norms" worked out for the following group tests: National Intelligence Tests; 
Haggerty Intelligence Examination, Delta .2; Otis Group Intelligence Scale, 
Advanced; Terman Group Test of Mental Ability; and Otis Self-Administering 
Test, Higher. The first forms of these tests were used, but with exceptions noted, 
the forms may be disregarded. These norms were obtained from the scores of 
one application of each of the tests to the same 1422 sth to gth grade pupils 
within a single school year, practice effecta.of the several tests being experimen- 
tally controlled. Percentile scores were found and graphs made for each test by 
interpolation, and the average of the mental ages in the five tests for correspond- 
ing percentils scores were called composite mental ages. For example, the 
composite mental age of the 50 percentile (median) was found by averaging the 
mental age scores of the several tests as found from their own norms in order as 
‘named above. Thus 14-7, 15-0, 15-9, eto., gave a mean of 14 years 10 months. 
This mental age is therefore given in the table opposite the 50 percentile scores 
of the several testa; and so on, for the other percentile scores. If the IQ is to 
be determined it is suggested that the formula IQ = MA/CA be used up to the 
age of 14 yeers, at which point Runnels supposes mental growth begins to slow 
up. After 14, a youth's IQ is to be determined by dividing the composite mental 
age by a purely hypothetical mental age given in the author’s Table 3, which 
does not increase after the chronological age of 16 years. Suggestions for similar 
procedures with cther tests than those used are given. l 

It may bə noted that since the children were selected by grades, rather than 
by ages, those in the upper grades were probably superior samplings. An im- 
portant research problem on mental growth by slightly improved but similar 
methods might be approached from an attitude that is more experimental than 
the practical one manifested in the construction of the Manual. Mental ages 
above the psriods of retarded mental growth might be checked against scores 
by groups oi mature superior children at different IQ levels as determined by 
earlier testa at 12 years of age. In such a study. reliability coefficiente (unfortu- 
nately neglected here) should be carefully brought up to a very high point. Low 
reliabilities greatly and erroneously increase individual variations. LP. - 


^ 
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Mental Measurement of Preschool Children. By Racun. Sturaman. Yonkers, 


World Book Ca., 1931. Pp. x, 368. 


' The book is in four parts: (1) Problems and History of the Mental Testing 
of Preschool Children; (2) The Merrill-Palmer Research; (3) Guide for Adminis- 
tering the Merrill-Palmer Research; (4) Llustrative Case Studies. Of these, 
perhaps part 4 will be of more general interest to psychologists; while parts 2 
and 3 will be of practical use to the ¢inical worker. 

After summarizing the earlier work in the field, EE ETE ENA 
Merrill-Palmer scale which is designed to utilize the successful features of other 
tests, and to avoid other features which have not proven valid. Special rare was 
given, in selecting material, to the faotara of inherent interest, variety, variation 
in difficulty, freedom from environmental influence, simplicity, ease of adminis- 
tering, objectivity, and the usual statistical evidences of validity and reliability. 


The testa are largely of the performance type, and the statistical work is unusually . 


thorough. 

The scale itself consists of 93 test items, ranked according to difficulty, repre- 
senting a range of 18-71 mo. in mental development. One obtains the impression 
that clinical workers will have some difficulty in applying the directions for scor- 
ing and interpreting the tests although the procedure is explained in detail. 
While there has been marked improvement on Gesell’s method, of which the 
suthor is properly critical, the scale wculd seem to be capable of much greater 
usefulness if it could be improved in this important respect. The statistical 
. data, might more appropriately have been issued as a technical monograph. 

Notwithstanding the difficulties pointed out, the author has in the opinion 
of the reviewer the best available method for measuring the mental development 
of young children. 


University of California at Los inas J. HaRoLD WILLIAMS 


The Field of Philosophy: An Introduction to the Study of. Philosophy. By 
JosnPH A. Luraaton. 4th Edition. New York, D. Appleton & Co., 1930. 
Pp. xii, 639. 

The chief additions and modifications in this revision bearing on —— O 
are the new chapter 17, Theories of the Soul or Mind, and some new material 
on dualism- and mind-body relations in. chapters 13, 14, and 16. Jacke 


An Anthology of Modern Philosophy: Selections for Beginners fends the Writings 
of the Greatest Philosophers from 1500 žo 1900. By Danm B. RospmsBoN. New 
York, Thomas Y. Crowell Co., 1931. Po. xiii, 836. 


As in the author's Anthology of Recent Philosophy, this Same includes . 


analyses before ezch selection, and at the end of each chapter it gives suggestions 
and questions for discussion. A biographical sketch of each author quoted, 
together with references, is given in the appendix. The present volume begins '. 


EF 


4a. 
` ~ 


with selections from Paracelsus and ends with T. H. Green. There appear for ' en 


the first time & number of translations cf these masters of thought, and certain ' 
rare selections now out of print and mcetly inaccessible to studente are insluded. 
The book will be appreciated by persone who are interested in historical phases 
of psychology as well as by philosophers and general readers. | J. P. 


j . 
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Mahatma Gandhi's Ideas: Including Selections from His Writings: By C. F. 
Anprnws. New Ycrk, Macmillan Co., 1930. Pp. 382. 

This is not a scientific book. While it attempts to present and evaluate 
Gandhi's views and something of the complicated religious and race difficulties 
in India, it is inclined to evaluate them from a particular (the Christian) point 
of view, even though it represents Gandhi as having a humanitarian viewpoint 
that is more comprehensive than that of any religion. J. P. 


Personality: The Cruz of Social Intercourse. By A. A. RonaAck." Cambridge, 
Mass., Sci-Art Publishers, 1931. Pp. 144. 

This little volume is an expansion, for elementary students in psychology and 
intelligent lay readers, of the author’s article of the same title published in the 
Century, 1929. It is intended as “a summary of the work and a description of 
the methods employed recently in the study of personality” (p. 7), but as a 
matter of fact very little is said anywhere of ecientific method. The book is 
wholly qualitative and contains nothing new to psychologista, either as to con- 
tent or as to point of view; and no such contributions are intended. More 
advanced students are referred by the author to his larger volume, The Psychol- 
ogy of Character, 1927. There is a bibliography of 128 titlea. J. P. 


_ Psychological Service for School. Problems. By GxmgrRuDEB H. Huprers: 
Yonkers, World Book Co., 1930. Pp. xiii, 317. — 

This book describes the applications of educational psychology to the problems 
of the school. It is more concerned with the situations in which psychological 
service is demanded than with the fundamental principles of educational psychol- 
ogy. The principles and technique of psychological measurement are, however, 
described in some detail. The study, classification, and treatment of exceptional 
pupils are describad primarily as problems of the school, but in the light of 
psychological principles. ` 

The chief valus of the book lies not so much in the information it gives to 
ihe students of psychology, as in the psychological approach it gives to the 
student of school problems. _ 

Duke University Howard EAsrmv 


Exploration psychologique infantile par Pexpreasion graphique du mouvement. 
By Maurice Dms and Marans GuinLgxzM. Extrait des Memoires de L’Acad- 
emie des Sciences, Inscriptions et Belles-Lettres de Toulouse, Douzieme petes 
Tome 7, pp. 247-259. Toulouse, J. Bonnet, 1029. 


The authors report here their investigation of the development of the ability 
of graphie representation in the young child. The investigation includes their - 
. observations of some 50 children over a period of several years. A number of 
situations, and some typical reactions to them, are described, such as: (1) 
Pseudo-schematization of attitudes. Here the child is asked to assume a posi- 
tion, e.g. arms extended, and then to draw immediately what he has done. Rep- 
, resentations in this class include merely direction and approximate spatial 
relation of gross features. -(2) PBeudo-schematization of movement. Here the 


e 
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child is asked to execute some gross movement and then draw it. The responses 
indicate simply direction of movement, and do not represent parta of the body 
as moving. (3) Cinematographic representation of movement. Here the draw- 
ings illustrate movements by drawing the moving members in different positions. 
These three stages ere illustrated with description of typical cases, and also with 
some original drawings of the children. 

The conclusions concerning the developmental relation of these processes to 
various mental proceases seem to be based upon the whole of the observations, 
only a few of which are reported. Enough are reported, ORNE to indioate 
the significance of the method of investigation. 

Duke University , AEN EaAsLEY 


Statistical Tables for Students of Education and Psychology. By Cant J. Hor- 
ZINGER. Third Edition. Chicago, University of Chicago Press, 1931. Pp. viii, 101. 

In the present edition Table XX is added to the tables found in the second 
revision (1928). This new table covers pages 82-101, and facilitates the calcula- 
tion of partial correlations by giving the values of the denominator [(1—73à) 
(r—r4)]^*. Numerator values like (rix —risras)) ate worked out arithmetically 
to three decimal] places and ere then multipled by the denominator value which 
is read off directly from the table. Table XX covers all values for the two 
correlations indicated from 0.00 to 0.99. By using r valuea that are correct to 


three decimal places similar values for the partial correlations may be interpclated 


from Table XX. With the additicnal use of the Crelle Calculating Tables, 
partial correlations may be worked out with considerable speed. — J. P. 


The Book of My Life (De vita propria liber). - By Gmonama CARDANO. 
Translated from the Latin by Jean Stoner. New York, E. P. Dutton & Co., 1930. 
Pp. xvi, 331. 

This book is an English version of the Sritobioeaphy of the celebrated Milan- 
ese physician, mathematician, and ssientist. Cardan was a contemporary of 
Cellini and a friend of Vesalius. However he knew very little about anatomy 
and surgery, but was sympathetic with the struggles of the great pioneer of race 
craniology (Vesalius) and once refused an offer to work with him. 

The volume is of special interest to psychologists in that we find in the author 


such an unusual combination of personality traits—a scientist, who is at tho same 


time morbid and superstitious, extremely sensitive and famished for fame. yet 
withal remarkably honest and self searching. At times he was something of a 
paranoiac, frequently having persecutory and grandiose delusions of a more or 
less mild degree. But in spite of these eccentricities (and his ignorance of anat- 
omy), Cardan was deeply interested in the brain and nervous system, and their 
relation to physical and intellectual life. He was perhaps the first man to sit 
in clinic and ponder his own morbid exveriences—he was psychiatrist and patient 
in one. 

The book wil probably rank as one of the few great autobiographies in 


: literature. The translation is excellent and the notes very helpful. A bibjog- 


raphy of thirty-two references is given. 
University of South Carolina W. E. SurrE 
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as teen dp unas By Bisco EE Extrait des Bulletins 
de la Classe des Letters et dea Sciences morales et politiques. 5e serie, I. xvi, 
~ No. 5. Bruxelles, Marcel Hayez, 1930. Pp. 257-273. . 

. This is a lecture given by the author before the Royal Academy of Belgium. 
The first half of the discussion is devoted to a critical evaluation of the concepts 
of Descartes, Kant, and Auguste Comte, and thea effects of these concepta on 
scientific progress. The thres ages of science are designated as (1) the age of 
hegemonic concentration, (2) the age of autonomcus separation, and (3) the age 
of harmonious expansion. The first age is characteristic of the past, the second 


''^ of the present, and the third of the future. As a peychological inquiry the paper 


has relatively little value from an empirical point of view. It is of value, how- 
ever, as a philosophical orientation tó Bergsonian ‘metaphysics. 

University of South Carolina "oro f W. F. Burra 

L'olopéniee : Novella doro de Péolidion et de la. ditribution géographique 
- des gires vivants. By Daneu Rosa. Paris, Félix Alcan, 1931. Pp. ii, 368. 

In this volume Ross, of Florence, proposes a new theory of evolution which 
is also suggested to account for the geographical distribution of liying forma. . 
According to the view proposed in the book every species is predetermined in 
preceding species, as each individual is predetermined in the egg from which it 
develops. .The book deals successively with an explicit and detailed statement 
of this theory and of the relationship of the theory to other theories of evolution 
and also to various evolutionary concepts such.as that of regression. 

The reviewer findg in this . volume little.of direct or inferential value fo the 
study: of the inhetitance of on characteristica. ' 

Brown University 2 aOR AES Casar, 
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— Tes Method Helps No. 3. tm Educational Mateus as Percentile 
‘Ranks. By Francis C. c eee Yonkers, World fene 
Co., 1930. Pp. 30. 

Bone geddum “cab has meio suoi d omues 
ranked and then the ranks looked up in a table under the appropriate number 
of cases. The persentile rank of an individual i is taken to be the mid-point of 
the interval in which he appears, thus with ten cases the highest percentile rank 
is taken at 95. "For practical purposes a simp'er way to compute percentile 
ranks is to construct an accumulative frequency table, obtain the reciprocal of © 
one case to three decimals, set Crélle's Rechentafeln at this number, and read off 
the percentages for each interval. "ow | 

Tey NORD eee dE ME : ‘A. M. Jordan 


Instructional Pests in Chemistry. By Eànu R, Gus and Loins E. Watton. 
l Yonkers, World Book Co:, 1930. - Pp. iv, 76. E 

A comprehensive set of questions has been prepared on 36 different topics 
in Elementary Chemistry. The items under each topic vary in number from 18, 
which consist largely of problems, to 80 which consist, of writing symbola and 
formulas. Reliabilities furnished for each topic range from: 0.70 to 0.88. Norms 
ae one co e ee d . 
University ou Norti Caroling Ue d f SEE A. M. JORDAN. 
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